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Synthesis of Phthalides and Related Topics.




(=) The seope of the photebreminstion technique as
2 gynthetic rouite to phthalide derivatives is discussed.
The yields by this wroute have been improved by & new method
for hydrolysis of crthobromomethyl esiers to the corresponding
bromophthalides. Thus ethyl dibromoeorsellinate has hasn
converted into 5,7-dihydroxyphthalide, and ethyl everninate
has been converted inie T-hydroxy-5-methoxyphthalids,

The relatively weak nature of the intramolecular

hydrogen bond in T-hydroxyphthalides has been further confirmad.

(b) & proposed synthesis of 7-methoxybenzo[l',2',5,6]
phthalide wsing the above mathods, required l-hydroxy=3-methyle
cz-naphthoic acid as starting material. On repeating the
livorature mezthod for preparation of the latter, & new compoun
was obtained, which has been idsntified as 2-carboxy~-3-methyl-
-4 -phenyl-3-butenoic acid, & mechanism has been propeosed for

its formation,



JETRODUCT ION {s)

Phthelides have typical lacteonic prepesréies. Thus
the lactone ring in phthalide (I) is opened by bases to give

(11) and relactonisation cccurs readily on acidification.

J

Tho phthelide ring is opened by certein reagoenis. For oxemple
. - s \ . - i s - ey o -
pathalide {I) rescts with hydrazine to give (III). Similarv
o

14
ring opening eccura on treatment with phenylhydraesins.
Fhthalide (I) is oxidised to phthalic acid (IV) by potassium

permanganate and is reduesd by sodium amalgam to hydrephthalide

W)

Phthalide derivatives do not occur frequently in

nature, but & few have been-isolatéd from plaats end lichers,
Variolavic acid (VI) has been isolated from the lichen

. s , ; -
Lecanoxra parella, Two phthalides which have been formulated as

‘

-\

\*n?)o
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(vI)

naphthalene derivatives vere isolazted from the bvark of

498
Rhamnus taponica. They ere t-sorigenin and fB-sorigenin and

their formulee arc almost certeinly (VII, R = Cile, R' = RV = 1)

(viI)
Gy o

and (JIIe R = R? = R =« H) respectively. ¥ycophenclie szid
(VIII) a metabelic producst of strains of Penicilliuvm hrevi-

9
ompectum has entibacterial and antifungal properties.

719
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Phthalides occur as degradation products of
i0
naturally occurring compounds. Ozonolysis of the methyil
o 11
ether of mycophenolic acid (VIII) gives (IX). TWarcotine = (X)

which is itself & phthalide derivative om heating with zinc and
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18
treatmont of opianic acid (XIII) with sodium emalgam gives

neconin (XI), ond treatment of phthalic enhydride (XIV) witk

N
A\

N

N TN
E;::EQQ/@ sﬁ Eé@/ﬂ@//iﬁ

o .

(XIV) B (xv)

.16
methyl mwngnesium iodide  gives 3-dimethylphthalids (AV).
‘})
A mothed of wider application was that of Fritsch,
an exemple of which is the following preparetions of 4,0-

dimethoxyphithalide (XIX). Ethyl 3,5-dimcthoxybesnzoate (V1)

L4
3“‘<>(?? S COLES LT Nt
] o A A S G
I+ coyon o
“\\QQ/J S CHO S //‘CI’:*‘E
Gdga Ceia L
= i,
(XvI) (Xvix)

(xv111)

condemsed with chloral in 90% sulphuric acid to give (XVII).
Alkaline hydrolysis of (XVIX) gave (XVIII) which was decarbouyl-

ated et 180° to (X1x).

A shorter-;oute to substituted phthalides was that

, 1
of Edwazds, Perkin sand Stoyle, an example of vhich is tha



&

[y
Q
3
(4]
i

ntrated hrdrochloric acid $o give meconin (XI). Ia scme
cages howsver, this reaction does not cccur, and the carboxylic
acid is reiturned wnchanged. Tha scopz and limitetvions of this

raethod have been invesiigated by Charlesworth, Rennie, Sindow
19

cnd Yan.

S0V s

Thu photcbromination method described by Eliel st ol.

showad soma promise as & route towards subetituted phthalides,

Las

-

&
Togan and LHewbold have vsed this mesthed in ths synthosis of

5e7T-dimethoxyphthalide (XXI¥) from methyl orsellinate dimethyl

ether (XXI). Treatment of (XXI) with 2 mol. of bromins and
Dl O
-~ \m £OLm3 5N
QS
f’ai“b\\ S kg Mgy Chabr
(XX1) | (XX11)
‘B | O3
AN N
m} // a(!’Q \lg .:‘; /\\ c’o \O
X V4 |
Maoiy, ~ 0 EE AN
B ’
(XXII1) (Xxx1v)

trradietion from a tungsten. lamp gave methyl 3-bromo-2-bromomothyl-

-4,6-dinethoxybenzcate (XX1II) vhich on alkaline hydrolysis gave



)

fwbrono=5,Tedinethoxyphthalide (EXIXI). 5, T«Dimethoxyphthalids
{(XXI7) vos cbizined by ecatelytiec hydrogenation of (XXI1L),

Darlier methods for synthesising phthalides dn this

8225 L . .
o sirnilar ways are renorted but in the earlier procedures
v 9 ]

. . 26 2r=24
vields wera stoted to ha poor or were not gilvexn. The

regetion hos attracted congidersble interest from ths thoeoretical

point of vicﬁig but 4ts practical applications have Leoen
limited.

Phe conditions employed Dy thise eerlier worliers wars
roet stonderd. In somo cases sunlighit wes employed &3 the scures

o 30! ‘ 5239 .
ol enengy, in cthewa & mereury arc lamp, and dn othazo

30231935 %84 .
a tungsten lauo. Gzne mathod rocommsnds anhydrous

(;5

G.O LY
conditions, eand in mother water was deliberetely addsd to
disgolve the hydrogen bromide formsd during the reaection, A
#2all awount of icding has beon eddsd as a catalyast in photo-
29988 20 '
bromination, but Eliel ot 2l. found that iodine does not
catelyse but inhibite the reaction, and in soms cases compiétely
prevenss bromination from teking place. Kost of the procedurcsa
ere in sgreexent however with respeet to the solvent, which has
vouzlly, bsen carbon tetrachloride or carbon disulphide, although
: 31933
in a few cases e solvent was not employed.
The positions at which bromine will most readily enter
-en aromatic molecule on photabrominétion are in doudbt, Logan
8
and Newbold found that photobromination of orsellinic acié

dimsthyl ether (ZXV) with 1% mol. of bromine gave 3-bromo-4,6-=

~dimcthoxy=-2-mathylbenneic zcid (XXVI). Photchbromination



of methyl orsclliinate dimsthyl ether (XXI) with 2 mel., of
bromine gave methyl 3-brome-2-bromomethyl-4,6-dinethoxybenzoate

a
(x%11). Oz the basis of thess rasults Logaen end Kewbold

(M3 g
AN e
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sngzeat that brominztion ef the mucleus is required to estivolc
$hoe adjecent methyl group so that the subsequent side chain
‘ %)

broemination can tolko placa, Cz the other herl, BEliel 6% 21,
found that mothyl 2-ecetozy-G-methylbenzoate {(XAVII) on
photobremination with 1 mol. of bromine gave methyl 2-ccetoxy-

~G-bromomathylbenzoate (XXVIII), while treatment with & furitber

(XXvII)

; (XX1X)
% mol. of bronine gave methyl 2-acetoxy-6-dibromomethylbenzoants



THEORETICAL (&),

Interest has recently bsen shown 1ln tho preparation
by various methods of substituted phthalides end phthaldshydic
acids?937’38;39 In connection with the z%ructurai elucidation
¢f mycophenolic acid (VIII) Logan and Hewbold@ used the
photobroniration technique of Eliel gj'ggiogzz %0 prepare
5, T~dimethoxyphthalids (XXIV) from methyl orsellinate dimethyl
ether (XXI). [See *Intrecduction'].

The photobromination technique has sc far been applied

8920921

to a few compounds only. Our aim in this work waz %¢

examing the preducts of photobromination of orcinol derivatives

Bl R =1 or Ha
:@Q ;ﬁ e
RO ’\\\)CHB R =« H or Br
g:_)“
(xxx)

of the type (XXX), to determine the conditions of hydrolysis
requirad to convert orthobromomethyl esters thus obtained te
the corresponding phthaiides, end thus to investigate the sCOp®
of the photobromination technique as a route to substituted
phthalides,

Tﬁo series of experiments ﬁere‘carried out. In the
first, photobromination of efhyl },5-dibroﬁd-4,6;dihydroiy-2-
-methylbsnzoate (XXXIV) was investigated as the first step in

a possible synthesis of 5,7-dihydroxyphthalide (XXXI). In the



sascond ssries; the phoi{obromination products of ethyl everninats
{X1LII1I) wsre investigated as a possible route to 7-hyd:oxy&$a
-methoxyphthalide (XXXII). It was desired to examine the
infrared spaoctra of (XAXI) and (XXXII) énd_ef phthalides.gnt@rm

madiate in their syntheses to determine whether theytagr@ed with

Be I//( \T DOLES
| |
O CHy
(xxTv) (XXX1)
S CH
‘,%:\l(;@ﬂ?z. J// \ﬂca \
e
(XLI1I) (XXXII)

ths findings Duncanson; Grove and Zealleyﬁo concerning the
carbonyl stretching frequencies of T-hydroxyphthalidss.

The synthegis of the phthalides (XxXx1) and‘(KXXII) was
&lso of interest since 5,7-dihydroxyphthalide (XXXI) could ba
postulated as a8 possible intermediate, along with orsellinie
acid in the biosynthesis of variolaric aoid? (71), and S-nsthoxy-
~7-hydroxyphthalide (XXXII) might serve as an intermediate in

. 8
the synthesis of mycophenolic acid (VIII).



Synthesis of 5,7-Dihydroxyphthalide (xxxx).

Ethyl 3,5-dibromo=4,6-dihydroxy-2-methylbenzoate (XXXIV)
was prepared after the method of Sonn,59 by aromatisation of
6-ethoxycarbonyl-5-methyl-~1,3-dioxocyclohexane (XXXIII) with
bromine in acetic acid. On photobromination (MXXIV) readily tock

up 1 mol. of bromine to give ethyl 3,5-dibromo-2-bromomethyl-4,6-

(XXX1I1)

dihyaroxybenzoate (XXX¥) in good yield. The photobromination,
and all others in this work were carried out as described by
Eliel gﬁ_g}ioszl A solution of the material in dry carbon
tétrachloride in a quartz flask, was refluxed gently by the
irradiation from a 150 w., tungsten filament lamp, A solution
of bromine in dry carbon tetrachloride was added dropwise to the
refluxing solution. Each addition was made only after ths
colour of the previous addition had almost disappeared.

On attempted hydrolysis of (XXXV) with aqueous sodium
ﬁydroxide the solution darkened immediately and no product could
be isolated. On hydrolysis of (XXXV) with agueous sodium
carbonate the aolutién égain darkened rapidly, but 4,6-dibromo-

=5, T-dihydroxyphthalide (XXXVI) was isolated in very low yield

(5-10%) . The phthalide (XXXVI) gave a diascetate 5,7-diacetoxy-



=4,6=-dibromophthalide (XXXVII) and a dimethyl ether 4,6-dibromo-

-5, 7«dinethoxyphthalide (XXXVIII).

{(XXATIX) (XXXVIII)

In view of the poor yield of (XXXVI), %the hydrolysis
vas repeated in on otmocphere of nitrogsn, but similar dscompoaie
tion waa observed. Whon (XXXV) was refluxed for a few houvrs with
aguoous methanol however, & 20% yield of the phthalide (JAXVI)
vae obtained., Similer treatment of (XXXV) with aqueous ethanol
gave & 507% yield of (XXXVI). Assuming that the yield of the
phthalids (XXXVI) from this reaction varies with thé b.p., of the
aque&ﬁs solvent, we refluxed a solution of (XXXV) in aqueous
dioxan,  The yields of (XXXVI) thus obtained were in ths rango
85-95%. Due to hydrogsn bromide liberated during the reaction,
the hydrolysis is taking place under mildly acidic conditions,
When, however, the acid concentration was raised by addition of

dilute hydrochloric acid %o the aqueous dioxan hydrolysis of



ethyl 3,Sadibromowz-bromomethy1-4,6-dihydrozjbenzoats(KXXV),
the yisld of the phthalide dropped to 16%.

‘The action of aqueous dioxan on another gggggybromoﬁathyl
estef wéa examined. Hethylation of ethyl B,S-dibromo-Z-bromo-
methyl=4, -dihydroxybenzoate (XXXV) gave ethyl 5.5adibromo-2=
=bromcm°thyl-4,6=dimethoxybenzoatc (XXXIX) as an uncrystallisable

0il. On refluxing (XXXIX) with aqueous dioxan, an 85% yield of

(XxXIx) (XXXv1I1)
4,6@dibromOeS97—dimethoxyphthalida (XXXVIII) was isolated.
.Hydrdlysis by aqueous dioxan has several advantages over

alkalina ﬁyarolysisu $he product is easily isolated. bioxan
is distilled off under‘reduced pressure, and the materiel éhich
precibifafeé out usually requires one crystaliisation only‘to
brihg.if‘to top purityQ The yields are higﬁ; and there”is no
dis&olourafion or deéomposition of phenolic'componnds. Three
further examples oflsuccassful phthalide formation by aqueous
dioxan hydrolysis are later described.

| The preparation of 5,7-dihydroxyphthalide (xxx1) required
the removal of the two bromine substituents from 4,6-dibromo~
~5o7-dihydroxyphthalide (XxxvI). Ruclear debromination of

4-brogo-5,7-dimethoxyphthalide (XXIII) was achieved by Logan and



ﬁ@wbaldg by hydrogenation at atmésphefic présaure of a solution
of ths meterial in ethyl acetate, in the presence of palladisazd
chercoal; and magn@éium oxide to remove hydrogen bromide formed
during the rsection., After hydrogenation of 4,6=-dibromo=5,7-
dihydroxyphthalide (XXXVI) under thsse conditione fér 48 hours,
tho sterding materisl was recoversd unchanged.

Similar hydrogenation of 4,6-dibromo«5,T-dimethoxy-
phthalide (FXXVIII) gave not the expected 5,7-dimethoxyphthalide
(¥x1v), but e menobromodimethoxyphthalide. The m.p. of this
compound was depressed on mixing with 4-bromo~-5,7-dimethory-
phthalide (XXIII) preparsd by Logen end Hewbold,e and the two
conpounds hzazd differcat infrared spectra. The compound was

therefore formuloted as 6-bromo=5,7-dimethoxyphthalide (X&), Thos

v 22 \%@\ Or 22 \.ﬁ@\ — GO
E o) P ! 5 E <
[N v-’i:“\’i{{\ :’Hf [N AN b i.:r "'/ (t:ﬁ %0 ] N =7 Ci‘#ﬁ/
A ‘\\\—«\/ & RN Ha sy ™ &.{// =
(XXEVIII) (x1) (Xx111)

6-bromine atom in (XXXVIII) is flanked on either side by &
nethoxyl group and is thersfore sterically hindered. The 4-bromins
atom is flanked by & methoxyl group and the methylene function

of the phthalide4ring. Due to strain in the 5-membered lactens
ring, as shown iy melecular nodels, the methyleme group is bent
eway frem the 4-bromins atom. Thus, althbﬁgh it is also doubly

flanked the d-bromine atom is less staricaliy,hindered and more



veadily removed than the S-bromine atom.
Frdrezoncntion of 496mdibrom0»5,7edihydroxypbthalida

{(XXi¥I) 4a tho presence of platinum catalysis was slso URSLSTGES -

"t N (E? n > S -, ] .
fal. Sorn  weperts debrominsiion of ethyl 3-brono-d,b-dibydrery-

.

on of the naterizl ia

;.:.

Z,5-dineilyibenzeate (XLI) by hydrogenat

<
s

. “a 4 . 3 o ey AT S e B I > s o ey
galuticn in 2 aguceous sodium hydroxide, in the prescuce

palledive hydrowids on enleivm carbonote. foing ccunerceinl

P T P I N S R s oy A A - PR Y
podlodivn bydroxidoecaleiun carbonade caitelysts hydrogoenaticn of

o ' (]
(359 3) vnier thase condlbicns Tor 48 hours veturnsd sboriins
patorial only, The eotolyast uvsed by Sonn wazs prepered by tho
48
nmathed of Busch end Stove. ging this latter cataly

bydrogenolyais of (XXXVI) waz rapid and gave 5,7=-dihydroxyphthnlide
(XEX¥) without Qifficuliy. HMethylation of (XEXI) gave 5,7-
~dimethexyphthalide (XXIV) previcusly proparsd by Logon and
Hewbald% Thus the product of the hydrogenolysis was confirmed

to ba §,7-dihydroxyphthalids {(XXXI).

43:6-Dibromo~5,7-dinethoxyphthalide (XXXVIII) and G=bromoe-

«5,T-dinethoxzyphthelide (XI) were similarly debrominated usirg



15

Y

the freshly prepared Busch and Stove catalyst to give 5,7~

-dimethoxyphthelide (XXIV).

Synthesis of 7-Hydroxy-S-methoxyphthalide (XXXII).

Ethyl everninate (XLIII) was prepared by treatment of
ethyl orsellinate (XLII) with the theoretical amount of dimethyl

43 -
sulphate. Troatment of ethyl everninate with 2 mol. of bronins

(X1111)

was first investigated. From consideration of the analogous



dibromiﬁatiené of methyl orsellinate dimethyl ether (XXI), it
can be dsduced that the product will be ethyl 5-bromo-2~brdmo-
nethyl=6=-hydroxy=-4-methoxybenzoate (XLIV). On photobromination
{XLIII) readily took up i mol., of bromine and & second mol, wes
takon up after & few hours, A third mol., was not taken up on
preleonzed treatment,.

Whon (XLIV) was hydrolysed with agqueous dioxan, 2
phathalide fernulated as 4-bromo~T<hydroxy-5-methoxyphthalida
(XIV) was obiained in 86% yield. On hydrolysis of (XLIV) with
aguoous godium carbonate, there was some discolouration of the
golution, and & 50% yield of the phthalide (XLV) was isolatad.
The phthalide (XIV) gave an acetate T-acetoxy-4-brono=-5-methoxye-
phtholide (XI¥I). Hethylation of (XLV) gavo 4<bromo=5,7-
~dimethozyphthelide (XXIII) previously prepared by logan and
Fewbolds Since hydrolysis of (XLIV) to a phthalide took plsce,
one bromine atom was located on the methyl side chain, and
formation of (XXIII) proves the other to have been on the nucleus
edjacent to tha bromomethyl side chain. Thus the configuration
of the bromine atoms in (XLIV) and (XLV) is confirmed.

Hethylation of ethyl 3-bromo-2-bromomethyl=6-hydroxy=ie
-nethoxytenzoate (XLIV) gave a crystalline mothyl ether ethyl
B-b;omo-Z;bromomethyl-4,6-dimethoxybenzoate (XwviI), which on
hydrolysis with equeous dioxzan gave d=bromo~5,T-dimethoxyphthalids
(XX111). |
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(XLVII) (XXIII1)

4-Brono~T-hydroxy-5-methozyphthalide (XLV) was not
debrominated by prolonged hydrogsnolysis in the jresenca of
palledisad charcoal, but debromination of‘an alkaline soluticn
in the pressnce of palladium hydroxzida on calcium c:a.r"t‘mna.tsa“32

#a8s readily echieved. The product which on methylation gave

(Xwv) | (XXX1I) (xxxv)

: o
5y T-dimethoxyphthalide (XXIV) was 7-hydroxy-S-methoxyphthalide

(XXXII).

Photobromination of ethyl everninate (XLIII) with 1 mole

of bremine gave & monobromo ethyl everninate, which on treatnsnt



13

with zquesous dioxen gave a 90% yield of 7-hydroxy-5-methoxy-
phthalide (XAXII). The bromine atom in the bromoester was

therefore located in the msthyl sido chain and it wes formmlated

(égﬁ\\ﬂigﬁts . g"/// B COE
| ¥ > [
) \/ii::u@ POy G
(xL11I) | (XIVIII) S

23 othyl Z-bromomethyleb-hydroxy-d-methoxybenzoates (XIVIII).
8
Iogan and Newbold fourd that monophotobrominatioan of
orsallinic acid dimethyl ether (XXV) gave 3-bromo=4,6-dimethoxy-

~2-methylbenzoic acid {XXVI). The orisntation of the bromins

Cats
<

N Nk

M592§nyﬁ@ﬁ3
(Xxv7)
AN VR

Pie0y ga@;
(xx1)

atom was vigidly proved by degradative experimemnts. Photobromina-
tion of methyl orsellinate dimefhyl ether (XXI) with 2 mol. of

bromina gave methyl 3-brono-2-bromomethyle4,6-dimethoxybenzocte



o= g

(XXII). On theo basis of these results they suggeeta that
brenination of the nucleus is roquired to activate the adjacent
methyl group so that subsequent side chain bromination can take
plece, Cur findings in the case of monophotobromination of
(XLIIT) suggest that no such activation of the sideo chain oxidts
or is indeed necessary. Tliel gﬁ_g&fz found that methyl 2-

- wncetoxy-Gencthylbenzoate (XXVII) on photobromination with 1 mole
of breaine gave mothyl 2-acotoxy-b6-bromocmothylbensoate (XAVIII),
while treatment with & further 1 wmole of bromine gave methyl

2-acetoxy~6-dibromonethylbenzoate (XXIX).

(xX1X)

When ethyl everninate (XLIII) was monophotobrominated
under the usual conditions but with the addition of & trace of
methanol to the solvent, we obtalned a mixture of 2-isomeric
monobroro-esters, The one which occurred in smaller amount was
sthyl 2-bromomethyl-6-hydroxy=-4-methoxybenzoate (XLVIII).

The other gave a crystallino methyl ether.
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Ingan and Newbold have preparaed 3-bromoed,b-dimethoxy-
~2emethylbenzoic acid (XXVI) of which a sample was available o
us, Esterification of (¥XXVI) with diazoethans gave ethyl

3brong=d,b=dinethoxy-2-mothylbenzoate (L) which was found %o bo

(ZVvIII)

identical with the methyl ether of the bromo-compound. Thae
monebromo~-athyl everninate was thérefore formulated as othyl
3-bromo~(-hydroxy-4-nethozy=-2-nethylbensoate {ALIX).

On the basis of the work of Logan and Hewbolda, of Eliel

2021
t al. end of this work, ne rule can yet bs laid down to

predict the position at which the first molecule of bromins
will emter eubstituted 2-methylbenzoic acids or substituted

2-methylbenzole estors.

Intranolecular HNydrogen Bonding in 7~Hydroxyphthalides.

Ezamination of the T-hydroxyphthelides prepared during



| this voriz showz that carbonyl stretching freguencies are in
sgreensnt with the findings of Duncanson, Grove and Zaalleyf@

They compared the carbonyl strsthelng frequencies of 7;hydrqzy=
rhthalides end 4-hydrozyphthalides in dilutoc solution, and feuni
that dus to intyomolecular hyﬁrogen bonding there was & charactesr-
istic lowsring of tho freguancy of the forner. In the sclid
state both showad lowored fraquencies due %0 Intermoleculsr
hydrogen bonding, They elso found that due to stronger intre-
molesular hydrogsn bonding, the carbonyl frequencies of ortho-
hydrozyhenzoic eators wors mueh lowver gtill,

Danecanson, Grove &nd Zﬁalley@g havs observod that due
%0 sitraia in th lectone ring of & phthelide, as shown by
rzaleeulor podslo, the carkonyl grovp is bent eway frem tha
T=-hydroxyl group t0 such an sxtent that the C=H=0 dictanse
approsehes 35, the 1limit for hydrogsn bond fcrmationie A bond
of tﬁis leagth would thus Lo exzpected o Lo weake.

Table I lists the carbonyl stretching fregquencies of
yhthalidaf prepared during this work, iﬁ the solid states as rmjol
mulls, and in dilute solution in chloroform. Values in carbon
tetrachloride wore not determined since severallbf the phﬁhalid@a

wore ccmpletsly insoluble in that solvent,



Table T.

4,6=Dibromo~5, T-dibydroxy=
phthalide (XXXVI)

d-Brozo=T-hydroxy=-Hernethoxy-
phthalide (XLV)

T-Hydrogy~Henethoxyphthalide
(Xxx11)

5, T=~Dihydrozyphthalide (XXXI)

Phthalide (I),

4,6-Dibromo=-5,T~dimethozy~
phthalide (XXXVIII)

3
4=Bromo~5,T-almethozyphthzlide
{(X¥111)

(3]
5,7=Dimethozyphthalide (XXIV)

6=Broemo=5,T~dirothory-
phthelide (XL)

T-bcetoxy=4=-bronc=-H=methoxy-
phithalide (XIVI)

5yT=-Diacetexy~-4,6-dibromo-
phthalide (XXXVII)

Kaiol (cmfﬁ

22

<t
Chloroforn (cm, )

1715
1753
1733
1724
1752

1770
1767

1748
1736

1761

1751

1748

1742

1761

1776
1763

1761
1764

Because of intermolecular hydrogen bonding in ths

T-hydroxyphthalidea spectra of Nujol mulls do not reliably show

the presence of intramoleculer hydrogen bonding betwcen ths

T-hydroxy group end the carbonyl group.

Values for (XLVI)

end (XXAVIX) in chloroform ars not listed since the acetate and



vhthalids baﬁ@é in the carvonyl region of each were unresolved.
The values for (XXXVIII) in both nujol and chloroform ave high.
Thig effect cannot be ascribed to steric factors, but may bs
dua to the combined election attractive efifect of both bromins
substituents on ths carbonyl groupﬁo

The difference betwean the carbonyl frequencies of the
T-hydroxyphihalides and the 7-methoxyphthalides is clearly shown
in dilute zolution in chlercform. Tae T-hydroxyphthalides
cbaorb in the range 17321748 cmosl, and phthalide (I) and the
T-matloxyphthalides excluding (XXXVIII), vere in the ranse

1761-1764 Gmo-l

Teble II
fnjol Chloroforn
cm,~1 cm, 3
Ethyl 3,5-2ibrono-2-bromemethyl- 1647 1667
-4,6-dihydroxybonzoats (XXXV)
Etbyl 2-bromomethyl-6-hydroxy-4- 1650 1661
-methoxybenzoate (XILVIII)
Ethyl 3-bromo-6-hydroxy-4-methoxy- 1650 1655
-2-methylbenzoate (XLIX)
Ethyl 3-bromo-2<bromomethyl-6- 1639 1661
-hydroxy-4-methoxybenzoate (XLIV)
Ethyl 3-bromo-2-bromomethyl-4,6- 1733 1724
-dimethoxybenzoate (XIVII)
Ethyl 3-bromo-4,6-dimethoxy=-2- 1715 1721

-methylbenzoate (L)
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fixz eorbonyl noaxivs in chloreforn of the or o~

;...1

kydrezybaunzoate esters and the orthomethoxyhenzgats esters

¢

PA

rropared during this vork awrs listed in Table II, the former

1
shoving mavima in the wange 1655-«1667 cme , and the letter

{x9a

.43

wld
ha wange 1721-1724 cme

=

Tha caxbonyl frequencies of the grthohydroxybenszoate
esters, lovered by strong intrzmolccular hydldrogen bonding, cosutysed

with tho ajghew carvoenyl froguencies of the corrssponding

rathalidcs. Tho strength of the hydsogen bend is due partly

to the Toet that 3t 1ls situvscted in en unst?aincﬂ b=riezmbaorad vinm,
£%4¢6

Both ehernical and gpectrescopic studies havo shown that this

ring is furthsr stabilised by resoncnce betwesun the forms (LI)

and (LIT). The corbonyl asbsorption freguancy of such conpounds,
- '3 &

a0

A P

X TS
T/ S
[ < >
Il

.‘/"

N

(LI) (LII)

and henceo the degree of chelation, have been shown by Bellany
and Beachefgs to be dircctly related %o the double bond character
¢f the ring double bond.

Ths exthomethoxybenzoic esters have a lower carbonyl
frequoncsy than non-hydrogen donded phthalid@s since tho ccter

holds the caxbonyl group less rigidly than does ths phthalide

ring.



Thus, T-hydrexyphthalides may be distinguished by their

[

cwer corbonyl stretching frequencies from phthalides having
the T-hydroxyl group protecfeéa Also, phthalides which ars not

R~

intramoleculerly hydrogen bonded, may be distirnguisghed fron

o
S‘
€
fuda
]

crthohydrozyheasoate caters dr orthomethoxyhenzoate csters by
higkuew sayvbonyl frequencies. The carbonyl frequenciss of
T-hydrozyphthalides axe too clozo to thess of orthomethoxy-
benzoie  esters $o be distinguished from thenm.

Parmer, Hayves and Thomson k have expressad douvbis es to
the relipbility of diasenmethane for the dstection ef hydrogun
bendad phenolie groups. Its action on T-hydroxzyphthalidss ond
5 T=dihydroxyphthalides, however, further illuatrates $ha relativeiy
veak nature of thoe intramolecular hydrogen Yond in T-hydroxyphthale
idos.  lemeplithalic acid derivetives of the typs (LIII) cen bs

selectively mathylated-by diazomethane [see Ssction II]

(R = H, Et or Ho)

HMathylatiocn of the 5-hydroxyl group is complete in a few minutes,
wheveas the 3=-hydroxyl group is only partially methylated by a
24 hour treatment with excess of the reagsat. The inactivity
of the 3-hydroxyl group in (LIIX) can be ascribed to strong
intramclecular hydrogen bending with the ester carbonyl,

Similarly, ethyl eowsellinate (XLII) can bo selestively methylats ﬁ



by diazomsthene to give othyl everninate (XLIII). In contrast,

(XLIII)

selective methylation of the 5,7-dihydroxyphthalides (XXXI) and
(XXXVI) 1s impoégible, dimethylation by diazomethane being complete
in both cases within 1 hour. The 7-hydroxy1$‘of the 7-hjdroxy-
phthalides (XXXII) end (XIV) wei-e similerly readily methylated.
. Thus t§§v7;hydroxyl group of the T-hydroxyphthalides doqs rot show
the inactivity to methylation with diazomethgée which is
agspciated with strong intramolecular hydrogen bondin§,

It is 1ntereeting'to note that selective mqthylgt;on of
ethyl 3,5-dibromo-2-bromomethyl-4,6-dihydroxybenzoate (XXXV) with
diazomethane was impossible, and that dimethylation was complete

within 4 hours. Similarly the hydrogen bonded 6-hydroxyl group
OH

MsO CHy
Er

(Xxxv) (XLIX) (XLIV)

in ethyl 3-bromo-6-hydroxy-4-methoxy-2-methylbengoate (XLIX) and

in ethyl 3-bromo-2-bromomethyl-6-hydroxy-4-methoxybenzoate (XLIV)



waz methylated in from 2 to 4 hours. This is in sharp
contrast with the inactivity of the 3-hydroxyl group in
(LIII) and the 2-~-hydroxyl group in ethyl orsellinate (XLII).
Clearly the greater acidity of the 6-hydroxyl group in
(x¥xv), (XLIX) and (XLIV) due to ring deactivation by the
bromine atoms, partly overcomes the inactivity of the

hydroxyl due to intramolecular hydrogen bond formation.
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INTRODUCTION (b))

In view of the success of the aigeous diozan method,
‘degeribed earlier in this section, of preparing phthalides Lronm
orthobronomethyl esters, it was decided to attempt to oxitend
the existing mothods to the synthesis of T-nethoxybenzo[1?,29,5,6]
ph%halide.{LIV). Interest in this type of compound was also
gcoasionad by the fact that two naturally occurring phthaslides
of this type, t-gsorigenin and B-soriganin, obtained from the bark

495
of Rhomnus Jjaponica, have recenily been the subject of

697 '
considerable structural invesitigation. The studies of Hikuni

) _ 4955897 )
and hig gco-workers have shown the sitructursa of a- and
pesorigenin to be almost certeinly (VII, R = Clie, R' = R¥ = H)

ard (VIiI, E = R' = B o H) respectively. Synthetic confirmation

of thess siructurss is, however, still required.

(LIv) (viI)

Since starting material for the synthesis of T-methoxy-
benzo[l',2',5,6]phthalidé (LIV) appeared to be readily obtainable,
it was proﬁosed firatly to synthesise (LIV) to determine ;flthe
recute were feasible, and if it werse, to eiten& it to the
gynthesis of e-sorigenin methyl ether (VII, R = Oie, R’ = A% = ia)

and f-corigenin methyl ether (VII, R = H, R' # F' = Me). Ths



pynthesis of (LiV) required l-hydroxy-3emethyl-2-naphthoic acid
(Iv) &5 starting material, esterification and methylation of
which would ha&e given ethyl l-methoxy-3-methyl-2-naphthoate
(IvI).

Photobromination of (LVI) would convert the methyl %o
bromomethyl to give ethyl 3-bromomethyl-l-methoxy-2-naphthoate

(vix). Bromine might alsc be introduced into the nucleus,

b <

but an wvas found in the earlier part of this secticn, no rule

can 2 laild down te predict which position the first molecule

of bromine vwill attack. Treatment of (ILVII) with aqueous

dioxan would form the phthalide (LIV) and nuclear bromine

substituents could be finally removed by catalytic hydrogenaticn,
Preparstion of the starting material l-hydroxy-3-methyle

a8
«~2-paphthoic acid (IV) is describsd by Kon and Spaight, and in



groater ééﬁail by Mariom end HcRasﬁg Fhenylecetone and diethyl
malonats are condeﬁsed in the presence of zino chloridé—anilin@
complex to give ethyl 2-ethogycarbonyl~3uméthy1;4=pheny1—2-
-butenocate (LVIII). Treatment of the ester (LYIII) wit'hv alkali
gives an acidie prodﬁcto Harion and McRaeés claim to have proved
tz_aé; this aecid iz l-hydrozy=3-methyl-2-naphthoic acid (IV).

They descrlbe decarboxylation of this compound in the presencs

of copper and quinoline to give a prodﬁct which they maintain
was ldentical with a sample of 3-methyl-l-naphthol (LIX)

synthesised by an unambiguocus route.

(L1x)

It was found,however, that Marion and XMcRae's method
did not produce (LV), but a different acidic product. Careful
exemination of the reaction nmixturs faiied to show the presence
of any 1-hy&roxy-}-methy1—2-naphthoic acid (I¥). The proposed
synthesis was thereforepursued no fuftﬁer, Sut the nature of

the acidie produet and the machanism of its formation were

investigated.
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TEEORETICAL (B)

Action of Alkali on Ethyl 2-Ethoxycarbonyl-3-methyleq~phenyl-
-2-butenoate (IVIII).
The synthesis of T-methoxybenzo[1';2',5,6]phthalids

(LIV) proposed in the introduction, required l-hydroxy-3-methyl-
~2-naphthoic acid (LV) as starting material. Marion and McRa@gg
desoribe the preparation of (IV) by treatment of ethyl 2-ethoxy-~
carbonyl-3-methyl-4-phenyl-2-butenocate (LVIII) with alkali.
Ethyl Zoethoxycarbonyl-}-methy1-4-pheny1—2-butenoéte (LVIII) wes
preparec ss they describe. Phenylacetone and diethyl malonate
werd condensed in the presence of sine chloride-aniline coﬁplex

to give $he oily ester (IVIII) in 10% yisld.

*gB/J

(LvIII)

Three different batches of the ester (LVIII) wsre
prepared exactly as Marion and McRase describe. The fraction
from each,boiiing in the range 172-175’//3 m.m. 4and the crude
.material from each, were treated sepazrately with 10% aqueous
alcoholié alkall as described. In each case a high yield of
an acidi¢ compound, 'Acid A', m.p. 152-154° (decomp.) was
ohtaiﬁeda‘ The m.p. of (LV) is given as 1944 (decomﬁo). Other

strength§ of squeous alcoholic alkali from 5% to 15% were



tried for verying periods of time, but with the same result. The
nmaterials from all mother liquors, in ethanol, gave no colour

with aqueous ferric chloride,

Structure of ‘'Acid A'.

"Acid A! diséolved with vigorous =ffervescence in cold
gqueous sodium hydrogen caxrbonate. It decolourised bromine water,
and on oxidation with e slight excess of aqueocus alkaline
potassium permanganate gave benzaldehyde. It analysed for
01231204 and its titration equivalent was 106. Thus 'Acid A' had
an aromatic ring with one substituent, a side chain, unsaturated
@, B to the ring, and having fwo carboxyl groups on it.

On heat treatmant ‘Compound A' lost carbon dioxide and an
acidic crystalline product fAcid B® m.p. 112-114° was obtained
fAcid B?' also dissolved; but less vigorously, in cold agueous
sodium hydrogen carbonate, decolourised brominc water, and on
oxidation with aqueous alkaline potassium permanganate gave
benzaldehyde. It analysed for C,,H ,0, and had titration
equivalent 177. 'Acid B! thus had an eromatiec ring with one
substituent, & side chain, unsaiurated a,f to the ring, and
having oﬁe carboxyl group on it. Its 1light absorption in ethanol
shoved o maximum at 2460 A (E = 14,900) 'Acid B' was therefors,
identified as 3-methyl-4-phenyl-3-butenocic acid (1X) for which

50 '
[foora gives m.p. 112-113° and light absorption in ethanol at
[CO;,H
= CHy

(1x)
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24504. (O = 14,600), and Salomon and Fittig give m.p. 113°%,

e S 3“::"3: = COH

SCH,

(wvirz) (1x1)

From the foregoing evidence the acid m.p 152-154°
(decomp.) is 2-cerboxy-3-methyle-4-phenyl-3-butenocic acid (LKI)

Troatment of ethyl 2-ethoxycarbonyl-3-methyl-4-phenyl-
-2-butcunoate (LVIII) with alkali has not caused cyclisation; as
Merion and ¥cRas claim, but has hydrolysed it o the diacid,
with & simultaneous shift of the double bond, A malenic ecid
derivative of this type would be expected to decarboxylata
resdily, hence the formation of 3-methyl-4-phenyl-3-butenoic
acida (LX),

By treatment of (LXI) with dizzoethans the ester athyl
2-ethoxycervonyle-3-methyl-4~phenyl-3<butenocate (LXII) was
obtainced, Thiz eater had differont b.p., infrared and ultra-
violet absorption spsctra from ethyl 2-ethoxycarbonyl-3-methyl-
-4-phenyl-2-butenoate (LVIII). Treatment of (LXII) with alkali
under the conditions cmployed for the hydrolysis of (IVIII) %o
the acid (IXI), also gave (IXI) in good yield. The materiel
from the mother liguors, in etheznol, gave no colouration with
aqusous fserric chloride. Thus with ethyl 2-ethoxycarbonyle3-
-methyle4-phenyl-3-butenoate (LXII) as with the ester (LVIII),
no cyclisstion to a naphthalens derivative takes place, and the

possibility that Marion and McRae had bsen dealing with this
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¢atser vwhen they found cyclipation taking place is ruled cut,

HOf__-COM Eqe COqt
—a
%..._..._.......
CH, Hy
(1X1) (LXII1)

% was now fairly certein that the double bond in the
acid m.p. 152-154° (Decomp.) wes &, P to the aromaetic ring, end
that it could be represented by (IXI), but it seemed to us
necessary o prove that the double bond in the ester (IVIII) ss
prepared by HMarion and licRae,and Koen and Speigki, was indeed B, ioc
the ring =s. they assume it to be. The products of oxidations
with a clight sxzcess of aqusous alkaline potassiun permangsnztc
on éthyl 2-ethoxycarbonyle3-methyl-4~-phenyl-2-butenoato (LVIII),
phenylacotone (IXIII), 2-carboxy-3-methyl-4-phenyl-3-butenoic
acid (LXI), ethyl 2-ethoxycarbonyl-3-methyle4-phenyl-*-butaoncats
(IXI1), and 3-methyl-4-phenyl-3-butenocic acid (LX) were examined.
The results of the oxidaticns are summarissed in Table III.

Thus in the case of (IXI) (IXII) end (IX) ths double
bond is definitely fixed as being a, B to the aromatic ring.
The position of the double bond in (IX) is in any caso known,
The exzperiments are, however, inconclusive in fixing the positicn
of the double bond in (LVIII), since phenylacetone (IXIII) the

gxrprected product; would be further oxidised to benzoic acid,
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%/ y\\/ ol 4‘3

(1x1)
AN B0 co
X
iﬁ&zz” 7 NCH;
(1X1II)

Table IIL.

Light

Lot oy et e ot e w0 1t

2470 A

2470 4

2460 A

FBeutral
Frection

Benzaldehyde

Benzaldehyde

Benzaldehyde

e m e = mE -

Bengolis:
acid

Dengoic
acid



Ca treatmont of (IVIII) with the theoretical gmount of ozoney
howsvor, phenylacatons was  isolated. Thus the position cf the
dcublo bond in ethyl 2-ethoxycerbonyl-3«methyl-4-phenyl-2-
~butenoate (LVIII) is fized as B, to tho benzens ring.

It is of interest to note that the ultraviolet absorxrption
spectra also confirn tho peoitions assigned to the double tondes.
The coapounds each contain three chromophoric centres, tho
avonatic ring, the double bond, and the oster or scid carponylso
Since the sromatic ring has a greater conjugating effect than
the carbonyls, the compounds (IXI), (IXII) and (LX) having the
double bond in conjugation with the aromatic ring are expected to
show ebsorption at a longsr wavelength than (LVIII) in which the
doubls Lond ig in conjugation with the esgtor carbonylsi2 In
practice this was found to be the cese (IXI), (IXII) and (IX)
shoring a boad in the ronge 2460-2470 Kg while (LVIII) shows o

. s
bend at 2230 A, (see Teble III).

¥oohanism of Reection.

When an @y B or B,) unsaturated compound is heated
with strong alkeli; an gquilibriuvm is often esteblished betwean

the itwoe igorars.



Por exzample allylbenzene (LXIV) is irensformed &lmost

53
irreverzibly into propenylbenzene (LXV).

S CH CH=CH,, N CH=CH—CH,

oH®

g

(1X1IV) (1xv)

Exchange reactions with deuterium oxide“’“’s6 hava
shown that an equilibrium is set up via a common carbanion,
obtained by attack of the base on a hydrogen atom attached to
8 carbon aton d to the unsaturated group.

The results of such equilibria can usuelly be predicted
by consideration of hyperconjugation and resonancef7 If a
cornmen carbanion is involved in the isomerisstiony it is
erpected that the olefin +to predominate from it will be that
which is more stabilised by resonance. Thus 2-carboxy-5-methy1-
-4-phenyl-3-butenoic acid (IXI) has a structure more favoured
by resonance than ethyl 2-ethoxycarbonyl-3-methyl-4-phanyl-2-
butenoate (ILVIII) since the double bond in (ILXI) is a, B to the
aromatic ring, and the aromatic ring has a greater conjugating
effect than the carbonyls.

Hyperconjugation alsp exerts an influence on such
equ:l11‘1)1::!'.:3..5‘7 the equilibrium shifting in the dircetion in which

the double bond will become conjugated with the greatest number
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of a-hydrogen atcms. CGonsidering hypercenjugation only,
{(I¥III) is slightly the more favoured structure since the
dcuble bond is in cenjugation with five hydrogen atoms, whilst
in (LXI) the double bond is in conjugation with four hydrogen
atons. The hypercoﬁjugation effect, however, is weok and
exerts 1ts influence only when no other stronger factdr is
prassntb, In the present case'the strong conjugating effect
0of the sromatic ring predominates. The isomerigation may be

outlined ez followa:

<M ./
- | Car Neog.
(LWIII) N (IXI)
lf o
\/"‘“Q"@g@
=) CO.

Whether the lsomsrigation tokes place before or after
the removal of the ester groups by hydrolysis does not alter

the prirciples involvoed.
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All melting points are uncorrected. Ultraviolet

abscrption specira wero determined in ethanol soluticn.

Ethyl 3,5-dibromo-2-bromomethyl-4,6-dihydroxybenzoate

(with J. Highet), = A solution of ethyl 3,Smdibromo-¥,é-dihydroxy-
-Z-methylbenzoate (10 z.) in dry carbon tetrachloride (150 c.c.)
in a quartz flask, heated under reflux by irradiation from a

150 w. lamp, wes treated dropwise with bromine (4.52 g.) in dry
carbon tetrachloride (20 c.c.) during 30 minutes. Refluxing

was continued for a further 10 minutes. The solvent was

renmoved under reduced pressurc and the resulting gum was
crystallised a light petroleum (b.p. 60-80°) to give ethx“

.

stout ﬁeodle mep, L22=123°.

Pound: C,28.1; H,2.3%
‘(CIQHBO Bry requires: C,27.7y H,2.1%
Light abasorpiion: N\ max. 2070 A (€ = 10,700), 2340 A (& = 15,800),
2580 L. (& = 9,000) and 3350 A (&= 6,400).
Infrared spsdi®Pumt in nujol \) max. 1647 cmo—i(H-bonded ester),
in chleroform Y max°.1667 cm, ? (g-bonded ester).
The compound in ethanol solution gave a deep purple colour

with aqueous ferric .chloride.

4,6-Dibromo=5,7-dihydroxyphthalide (a) (with J. Highet), =
Ethyl 3,5-dibromo-2-bromomethyl-4,6-dihydroxybenzoate (1.36 g.)

in golution in 10% aqueous sodium carbonate (136 c.c.) was heated



for 1 hour on a steam bath. The solution rapidly becamé dark
brown in colour. The cooled solution was acidified @Zoﬁgo red)
with~concéntrated hydrochloric acid, and extraoted with |
chloroform (3 x 2C ¢.c.). The combined yellow chloroqum
extract was washed with aqueous sodium hydrogen carbonaté.(3 N
20 c.c.) and the alkaline washings acidifiéd_(Congo red) with
concentrs;ed'nydrochloric acid. Extraction Jf the a&idified
solution with chlorsform (6 x 15 c.c.) followed by evaporafidn
of the dried (Na,SO,) extract under reduced pressure gave a
brown solid. Crystallisation of the solid ffom chloroform

gave 4,0-dibromo=5,7-dihydroxyphthalide (100 mg., 10%4) as prisns,

m.p. 236-238° (decomp.).
| Found: C€,29.793 H,1.38%
) CyHy 0,Br, requires: C€,29.7; H.lo}b%
Light ebsorption: )\ max. 2240 A. (& = 38,100).and 3040 A.
(€ = 9,400) and inflexion at 2120 Ae (E = 14,000).
Infrared spectrum: in nujoly) max. 1715 cm.” (HE-bonded phthalide
carbonyl), chloroform max. 1748 cm.® (H-bonded phthalids
carbonylj.'
The compound in ethanol gave a deep purple colour with
aqueous ferric chloride.
(v) Ethyl 5;S-d1bromo-2~bromomethy1-4,6~dihydroxybénzoate (1 )
was dissolved in methanol (40 c.c.) and water. (30 c.c.) added.
The solufiéﬁ'was refluxed. for 6 hours. fhe methanol was removed

under reduced pressure and the solution allowed to cool. The
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white precipitate was filtered off, sucked dry, and heated c¢n &
steam bétﬁ for a few minutes with benzene (20 c.c,). The
mizture was cooled, the white solid was filtered off and
crystallised from chloroform to give 4,6-dibromo-5,7-dihydroxy
phthalide (180 mg., 24%) as small prisms, m.p. 236-238°, »

(¢) The seme prodﬁct was obtained in 59%‘yield by similar
treatment of ethyl 3,5-dibromo-2-bromomethyl-4,6-dihydroxybenzoate
with aqueous ethanol. Similar treatment with absolute methanol
and absolute ethanol also gave 4,6-didromo-5,7=-dihydroxyphthalide
in 20% end 45% yields respectively. The identity of the products
was estsablished by mixed m.p. and comparieon of the infrared
spectrs.,

(d) Ethyl 3,5-dibromo=-2-bromomethyl-4,6-dihydroxybenzoate (1 g.)
wae dissolved in dioxan (20 c.c.) and water (20 c.c.) added.

The solution was refluxed for 24 hours, the dioxan was removed
under reduced pressure and the solution cooled. The white~
solid wes filtered off, sucked dry and crystallised from
chloroferm to give 4,6-dibromo-~5,T7-dihydroxyphthalide (680 ng.,
91%) as prisms, m.p. 236=238°,

(e) Ethyl 3,5-dibromo-2-bromomethyl-4,6-dihydroxybenzoate (1 g.)
was refluxced for 24 hours with dioxan (40 c.c.), water (33 c.c.)
and concentrated hydrochloric acid (3.5 €.¢.). = The product

was worked up in the usual manner to give 4,6-dibromo-5,7-

-dihydroxyphthalide (120 mg., 16%).



5,7-Diacetoxy-4,5-dibromophthalide. - 4,6-Dibromo=5,7-
adihydrcxyﬁhthalide (600 mg.) in solution in pyridine (1 é;éo)
and acetic anhydride (10 c.c.) was heated for 2 hours on a' |
stean bath, water (100 c.c.) was added, and the solution
wvaraed for-g few minutes. On cooling, a white crystalline
precipitate separated, The crystals were filtered off, washed
with water end sucked dry. The material was recrystalliséd

from methanol to give S,?ediacefoxxn4,6~dibromqphth§lid@ (550 mg,)

as plates, m.po 162,5-164,5°
Found: ©,35.603 H,2°13%.
C,, U, 0,8x, raquiresé Cy35.31y H,1,98%
Lignht aba;rptionz}\m&xo 2170 go (& = 41,500) and 2960 A. (E=
2,600).
Infrared spectrum: VY max. in nujol 1775 cmo°i(acetate) and
1751 cmca?~(phthalida),\ymaxo in chlarofcr@ 1779 cma'l(ac@tate

and phthalide carbonyls).,

4,6~Dibromo~5,7~dinethoxyphthalide from 4,6-dibromo~5,7-

~dihydroxyphthalide., - A solution of 4,6=-dibromo=5,7-dihydroxy-
phthalid@A(l g.) in methanol (40 c.c.) was treated for 1 hour
with excess ethereal diazomethane. The solvgnts were removed to
yield a coiourless gum which crystallised from chloroform-methanol

to give 4,6-dibromo-5,7-dimethoxyphthalide (1.02 g.) as needles,

m«:po 15605:13805°e
Founds C€,33.865 H,2.42%.

Cyoily O Br, requires: C,34.12; H,2.29%.



Light absorption: N\ max. 2220 A. (€= 40,200) and 3020 4.

(€ = 2,400).

Infrared spectrum: in nujol Y max. 1770 cm‘,“1 (phthalide
éa:bonyl); in chloroform ) max. 1776 cm.™ (phthalide caibonyl)o

Ethyl 3,S-dibromc-Zobromomethxla4géndimethoxybenzoéteQ -

A solution of ethyl 3,5-dibromo-2-bromomethyle-4,6~¢ihydroxy -
bonzoate (700 mg.) in sther (10 c.c.) and methanol (1 c.c.)
was treatgd with excess ethersal diazomethans until the solute

in ethanol gave no colour with agueous ferric chloride (4 hours).

Removal éf the solvents gave ethyl 3,5-dibromo-2-bromomethyl-

-4,6-dincthoxybenzoate &3 a colourless cil,

o4 |
Infrared spectrum of the 0ilY) max. 1721 em.  (ester carbonyl),

4,6éﬁibromo-5,7~dimetho§zphthalide from Ethyl 3,5-dibromo-

-2-br0mométhzlg4,6-dimethQ§zbenzoateo - To a solution of sthyl

3,5°dibro£6-2—b£omomethy1a4,6-dimethoxybanzoate (350 mg¢) in
dioxan (20 c.c.) was addsd water (10 c.c.) and the rgsultiﬁg
solution refluxed gently for 24 hours., The dioxan was removed
under reduced pressure and the solution cooled. The white solid
was filtered off, sucked dry, and crystallised from chlorofornm-

methanol to give 4,6-dibromo-5,7-dimethoxyphthalide (244 mg.,

85%) as felted nsedles m.p, 136-138.5¢, The infrared spéb%ra
of the compound end of the same compound preoparcd ebove wera

identiceal.
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§-Bromo~5,7-dimethoxyphthalide. - A solution of 4,6-dibromo-
5, T7=dimethoxyphthalide (206 mg.) in dry ethyl acetate (50 c.c.)
wag shaken with hydrogen at‘room temperature and atmospheric
pressurs in the presence of palladised cha:coal (200 mg.3 2°5%
of palladium chloride on charcoal) and magnesium oxide (400 mg.).
Whon absorption of hydrogen was complete (ga. 20 hours) the
nixture Wé; filtered end the insolubie residue extracted with
boiling chloroform {100 c.c.) and again filtered. The combined
filtratee were sveporated under reduced pressure to give a white
golid which was erystasllicad from chloroformemethanol to give

6=brom0m5gﬁ-dimethoxyphthglida (70 mg.) as blades, m.p. 207=209°.

The m.p. of the compound on admixture with 4-bromo~5yT-dimethoxy -
phthelide (;&Eﬁ, m.p. 246=-248°) was depressed to 180-200°.
Found: C,43.983 H;3.30%
C, o, 0y Br Tequires: C,45.96s H,3.33%.
Light absorptions A nex. 2190 L. (€ » 32,500) and 2570 k.
(€ = 12,200) and inflexion at 2870 A. (£ = 1,500)
Infrered spectrum: in nujolVmax. 1736 cmo'1 (phthalide carbonyl),
in chloroforn YY) max. 1764 o™ (phthalide carbonyl).
The same yield of 6-bromo-5,7;dimethoxyphthalide was obtained
when 4,6-dibromo-5,7-dimethoxyphthalide was hydrogenated under

ldentical conditicns for 48 hours,

Attenpted debromination of 4,6-~dibromo-5,7-dihvdroxypkthalids.-

A solution of 4,6-dibromo=5H,7-dihydroxyphthalide (200 mg.) in dry

ethyl acetate (50 c.c.) was shaken with hydrogsn at roon



temperature and atmosphericApressur@ in the presence of

palladised charcoal (200 ng., 2.5% of palladium chlorids cn
c¢harcoal). for 48 hours. The mixture was filtered and the
filtran@ gveporated to drynsss to give a brown gum (20 mz.)o

The s=0lid residus of cetalyst =nd cognosiva oxdde was ecidified,
end ths rixiure extracted with boiling chlor@fgrm (4 X 40 coCo)o
The combined chloroferm exiract was washed with water end driecd
(¥s,50;). Eveporaztion of the chloroform under roduced pressura
gave a pale yellow golid,. Tha solid crystallised irom chloroforn

%o give stariing material 4,56<3ibronoe5,7-dihvdroxyphthalids
{ 9 O=(1VYOMO=3y e IXVPDLRRLA6T

Ye The m.po. ¢f tho

5o T=Dihydroxyphthalidse. ~ A solution of 4,6=dibrono=5,7~

32

~dihydroxyphthelide (500 mg.) in equoous sediuvn hydroxids

]

(10 cocoy 217) was shaken with hydrozsn at rocm tempoerature and
atmoaphcrlc preasuvae in the pressnes of pelladissd calcivm

carbonzto (l Zos 2% palladium hydroxide on cal
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Vhen aboerption of hydvogen was complete (ca. 30 minutes) the

£

mizture was filtered, and the filtrate acidificd (Congo red) with
concentratsd hydrochloric acid. The white solid which slowly
separated was filterad off; washed with water end sucked dry.

Cnystallisatlon from agqueous methanol gave 5,7-dihydroxyphtha11ds

Sl N N

(200 mg., 80%) as blades, m.p. 253=-260° (darkena at 235°), m.p.

257-260° (in vacuo).



Found= 0957068' H,}ogqgg
CoH; 0, requires: C;57.83 H,3.64%
(-3 o
Light absorption: J\ max. 2160 4. (E= 35,300), 2550 A, (&= 15,000
o
2900 A, (& = 5,000).
' e}
Infrared spectrum: in nujol)) max. 1724 cm.  (phthalids carbonyl).
-1
in chloroform 1732 cm. (phthalide carbonyl).
The compcund in ethanol gave a purple colour with aqueous

ferric chloride,

5,7-Dimathoxyphthelide from 5,7-dihydroxyphthalide. = A

solution of 5,7-dihydroxyphthalide (160 pg.) in methanol (10 c.c.)
vas trestsd with excess ethereal diazomathane until tﬁe golutc in
ethenol gave no colour with aqueous ferric chloride (ca. 1 h&ur)°
Removal of the solvents under reduced pressure gave & colourless
gum which répidly crystallised. Recrystallisation fronm
chloroform-methanol gave needles m.p. 151-153°. The m.p. of

the materigal was undepressed on admirxture with an authentie

sanple of 5,7-dimsthoxyphthalide m.p. 151-153° prepared by

Logan and Ne?bold? The infrared spectra in nujol of the two

specimens were jdentical.

5,7-Dimethoxyphthalide from 4,6-dibromo~5,7-dimethoxyphthalide.
A solution of 4,6~dibromo-5,T-dimethgxiphthalide (250 mg;) in

agqueous ggdium hydroxide (15 c.c., 2N) was shaken with hydrogon

at room‘ﬁgmperature and atmospheric rressure in the presence of
. . 42 R -

palladised calciuam carbonate (500 mg., 2% palladium hydroxide

on celeium carbornate). When absorption of hydrogen was ¢ompla%e



(es. 1 hour) the mixture was filtered, and the filtrate

scidified (Congored) with concentrated hydrochloric acid;__ The
white so0lid which slcwly sepafated was filtered off; washed with
water andlsuckéd drye. The solid was crystallised from chloroforn-
methanol to give nsedles, mep. 151-153° (Logzn ang Neﬁboldé give
m;pn 151-153°), The m.p. wag undepressed on aduixiure with an
authentic spscimen of 5,7-dimethoxyphthalide. Ths infrared

spestra of the two opscimens were identical.

5 T-Dimethoxyphthalide from 6-bromo-5,7-dimethoxyphthalida, -

A solution of 6-bromo~5,7~dimethoxyphthalide (50 mg.) in egqueous
sédium hydroxide (5 c,c;g 2H) was shaken with hydrogen at roen
temperature and atmospheric pressure in the presence of pallediced
calcium carbonataﬁg(IOO mg.). When absorption of hydrogen was
complete (ca. 1 hour) the mixture was filtered, and the filtrate
acidified {congo red) with concentrated hydrochloric acid. The
white precipitate was filtefed off,‘washed ?ith water and sucksd
dry. Crystallisation from chloroform-methanol gave needles,

m.p. 151i-153°, Tha material was identical with 5,7-dimethoxy-

phthelide, by mixed m.p. and infrared comparison.

Ethyl 3-Bromo-~2-bromonmethyl-6-hydroxy-4-methoxybensoatc. «
A solution of ethyl 6-hydroxy-4-methoxy-z-methynenzoate [éthyl
everninate] (5.005 g.) in dry carbon tetrachloride (75 c;c;) in
e quaftz flasgk, heated under reflux by irradiation from s 150 Vo

lamp was trested dropwise with bromine (7.61 z., 2 mols.) in dry



carbon tetrachioride (20 c.6.). Each sddition was made when
tha colour of tho previcus eddition had almcst»disappearedov For
the addition of the bromine 6 hours was required. The solution
wvas vrofluzed for a further 50 minutes. Thg solvent was removed
under reducsd pressure and the resulting gunm which crystailigeﬁ
on cooling wes reerystallised from light petroleunm (bop; 60»60“)

to give othyl 3-bromo-2-bromomsthyl-6-hydroxy-4~-methoxybenzoate

(5.3 go) as fine noedles, m.p. 103.5-105°,
Found: C,35.79; H,3.41%
C, H,0,0x, roquires: C,35.903 H,3.30%.
Light absorption: A nax. 2280 A. (&= 28,600) and 3220 E;
(&= 5,800}, inflexion at 2090 A. (£ = 15,200) and 2640 3;
(E= 7,100).
Infrered spectrum: in nujoly max. 1639 cmoni (H-bonded @ster),
in chlqroform\y max. 1661 c:a.,"'1 {(H-bonded ester),
The compound in ethanol gave a purple colour with aqueous

forric chloride,

4-Bromo-T~hydroxy-5-methoxyphthalide. - (é) To é solgtion of
ethyl 3-bréﬁo—Zebromomethy1-6-hydroxy-4-meth&§§bensoate (1}8 g.)
in dioxan (60 c.c.) was added water (40 c.c.) and the solution
gzatly fefluxed for 24 hours. The dioxan waé'remoﬁed und;r
reduced pfessure end the solution cooleao Tﬁ; white preé;pitatﬁ

was filtered off and sucked dry. The solid crystallised %rom

chloroform to give 4-bromo~7-hydroxy-5-methoxyphthalide (1;1 oy

66%) as smell prisas, mePo 236-238° (decomp;)a
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Pound: C,41.645 H,2,85; Br,30.72%
Co I, 0,BT requires: C,41.725 He2.735 Br,30.86%.
‘ < ©
Light absorption: o\ maz. 2200 L. (&= 34,000), 2470 4.
(2]
(€= 10,100) end 3000 4. (€= 4,200).
' -1 ) )
Infrexrsd spestruus in najol VY max. 1733 cmo (phthalide
-1
eoxbonyl), in chloveform)/mex. 1742 em.  (phthalide cexbonyl).
The compound in sthanol gove a purple colourntion with

aquecus ferric chloride.

(b) A solution of ethyl 3-bromo-2-bromomathyl-6-hydroxy=-
-4-mothoxybenzente (500 mg.) in equaeous sedium cafben&t@

(50 c.6., 10#%) was heated for 1 hour on a steam bath. Tho
solution became yellow in colour. The coocled solution was
peidified (Congo red) with concentrated hydrochloric acid,
and extrocked continucusly with boiling chloroform for

2 hours, The shleroform extract was washed with water and
dried (H&ESO‘G)° Eveporation of the chloroform under reducad
pressure gave & yelleow solid which was crystallised from

gshloroforn to give 4-bromo-T-hydroxy-5-methoxyphthalide

(170 mg., 50%) as prisms, m.p. 236-238° (decomp.).
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T-Acetoxy~A-bromo~5-methoxyphthalide. = A solution ef
A-bromo-7-hydroxy-5-nethoxyphthalide (700 ﬁgo) in ecetic
anhydride (10 c.c.) and pyridine (1 c.c.) was heated for 2 hours on
a stesm bath. Water (100 c.c.) was added, end the solution
warmed for a few minutes. On cooling a white crystallinz
pracipitate separatsd. The crystels were filtered off, waghed
with water snd sucked drj Necryetalligstion of the produst

from mathancl gave T-ncetozy~4-bromo-Se-methoxyphthalide (7CO mg. )

as plates, m.p. 104-1646°.
Found: C,44.163 il,3.26%
Cy3 By 05Br requires : C,43.86y H,3.01%.
Light cbsorption: )\ max. 2190 A. (E= 36,700) and 2600 A,
(@" 139900)7
Infrered t in nujoly) 1 - (acotato) ana
rared spectrum: in nujol max. 779 cn acotato) end
~d
1761 cm, (phthalide), in chloroform \ maz. @ broad band

1786=1757 cn. (acetate and phthalide carbonyls),

&~Broﬁo-5,7-dimethozxphthalide irom 4~bromo-7<hydroxys5-

-methexyphthalide. « 4-Bromo-7-hydroxy-5-methoxyphthalide

(100 mg.) in solution in methanol (10 c.c.) was treated for

% hour with excess sthereal diazometheane, wﬁén the solute in
ethanol ga#e ne colour with aqueous ferric chloride. The
so.vents were removed to give a gunm which rapidly crystallised.
Eecryétallis ation of the product from chloroform-methanol gave

fine naedlés, mo.p., 246-248° (lLogan and Newbold give m.p. 246~ 248°),



The w.p. was undepressed on admixture with an authentic
ssmple cf 4~bromoe5,;7-dimethoxyphthalide, The infrared specire

of %the {we specimensa in nujol were identical.

Nthy)l 3~brone=2-bromomethyled,b-dimcthoxybenzoate. = A

solution of athyl Bwaomon2-bromomethy1»6-hydrozy-4mmethoxy~
benzoate (1 go) in methanol (20 c.c.) was treated with excéss
ethereanl diazcmethane for 4 hours, when the solute in ethanol
geve no colouration with aquecus ferric chloride. Evaperétian
of the Bogvents undsy reduced pressure gave & colourless gunm

which was crystallised from light petroleum (b.p. 40-60°) to

give efhyl 3-brono=-2-bromomethyl-4,6-dimethoxyhenzoate (880 mg.)
as small prisms m.p. 98«160“. |
| Founds C,37.463 H,3.82%
C,2 B, 40,Br, roquires: C,37.703 H,3.6%%.
Light absorption: )\ max. 2210 A. (& = 25,400) and 3080 A
(€ = 4,100).
Infrered spectrum: in nujol‘@ BaX. 1733 cmo'l (ester carbonyl),

-1 ‘
in chloroform ) max. 1724 cm.  (ester carbonyl).

4-Bromo-5,7-dimethoxyphthalide from ethyl 3~bromo-2-bromo-

methyl-4,6-dimethoxybenzoate. - To a soluticn of ethyl 3-bromo-

-2=bromomethyl-4,6-dimethoxybenzoate (500 mg.) in dioxan (20 c.c.)
was added water (10 c.c.). The resulting sélution was refluxed
gently for 24 hours, The dioxan was distilled off under reduced

pressure end the solution cooled. The white precipitate which
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separated was filtered off and sucked dry. Crystallisation of
the so0lid from chloroform-methanol gave fine needles (320 mg.,
89%), m.p. 246-248° (logan an@ Newboldg givé m.p. 246-248°),

The m.p. was undepresaed on admixture with aa authentic sanmpls
of 4-~brome-5,7~dimethoxyphthalide. The infrared spectra of the

two specimens were identical.

T-Hydroxy~5-methoxyphthalide. - 4-Bromo-T«hydroxy-5-

~methoxyphthalide (1.5 g.) was warmed with aqueous sodium
hydroxide (40 co.c., 2N) vntil it dissolved. The cooled solution
was shaken with hydrogen at room temperatufe and atmospheric
préssure in the presence of'palladised calcium carbonateﬁz

(2.5 g., 2% palladium hydroxide on calcium car‘oonafe)° When
absorption of hydrogen ﬁas complete, (ggy 12 hours) the mixturs
ﬁas filtered, and the filtrate acidified (Congo red) with
concentrated hydrochloric acid., The white so0lid which separated

was filtered off, washed with water and sucked dry. The soliad

- was érystallised froem acetone-light petroleum (b.p. 60-80°) to

give T-hydroxy-5-methoxyphthalide (830 mg., T7%) as small prisms,
W.Po 186-188°;
Found: C,60.08; H,4.66%.
CgBy Oy requires: €,59.99s H,4.48%.
Light absorption:)\ max. 2170 K. (E= 37,800), 2550 ;.. (€ = 15,600)
. and 2910 L (& = 4,3%00).
Infrared spectrum: in nujol }) max. 1733 cmo-’1 (phthalide

v | , 4 . ,
¢arbonyl), in chloroform 1748 cm. (phthalide carbonyl).



The compound in ethanol gave a purple colouration with

aqueous ferric chloride.

5, T=-Dimethoxyphthalide from 7-hydroxy-S«methoxyphthalideo-

A solution of T-hydroxy-S-methoxyphthalide (100 mg.) in mefhanol

(5 c.c.) was treated with excess ethereal diazomethane until

the solute ir ethanol gave no cclouration wiﬁh aQueoﬁs Terrie
chloride (ga. 10 wins.). The solvenfs were removed under.

reduced pressure to give a gum which rapidly drystallised.
Rezrystallisation of the product from chloroform-methanol gave
needles, m.p. 151-153°. The m.p. was undepraésed on adnixture
with an authentic specimen of 5,7-dimethoxyphthalide, mep. 151-1537,
prepared by Logan and Newbold? The infrared spectra of the two

specirans werz identical.

5:T-Dimethoxyphthalide from 4<bromo-5,7-dimethoxyphthalids.

(cf. Logan and Newbold, J. Chem. Soc., 1957, 1946). - A solution
of 4-bromo-5,7-dimethoxyphthalide (200 mg.) in agueous sodium
hydroxide (15 c.co., 2 N) was shaken with hydrogen at room
temperature and atmospheric pressure in the presence of palladised
calcium catbOnateéz(éoo ng., 2% palladium hydroxide on calcium
carbonate). When absorption of hydrogen was complete (ggy‘l hour)
the mixture was filtered, and the filtrate acidified (Congé red)
with concentrated hydrochlorié acid. The white solid which
slowly aeﬁarated was filtered off, washéd'ﬁith:water and sucked

dry. The solid was crystallised from chloroform=-methanol to

civae 5,7-dimethnxyphthélide as needles Mopo 149=151° (Logan eand




3
Hewbold give m.p. 131=153°). The m.p. was undeprezsed on
admixtere with an authentic specimen, The infrared spectra of

the two specimens wera identigal.

Ethyl 2.3romonethyl=6-hydroxy-4d~-mnethoxyhensoate. -~ Ethyl

G=hydroxy-4-nethoxy-L-nethylbenzoate [ethyl e%ernin&te] (z g.)

was thorcughly dried under vacuum at 60°. The material in
solution in dry carhon tetwachloride (30 co.c.) inm a qu&rtz flasl
heated undeyr rveflux by irrndiation:from a 150 w., lamp, was

treeted dropwise with brominz (1.53 g., 1 mol.) in drvy carben
tetrachleride (10 coc.) duriag 30 minutes. Each addition was mads
whan the colour of the solution was &lmost discharged. Reiluxing
wau continued for a further 15 nminutes, The solvent was
eveporated off under reduced pressure and the resulting yellow

gum was crystallised from light petroleum (b.p. 60-80°) to give

gzggi_2ubromomathy1u6-hydroxyeé-methoxybenzoéte (1.7 g.) &5 felted
needles, m;po 02-93.5°
Found: C,45.82; 1;,’4&6%,

C, H,;0,Br requires: d,45,67; H,4;54%
Light abséijption: A max. 2080 A. (§ = 11,206), 2240 A. (€ =
17,700), 2660 2.{=7100)2nd 3120 8. (&= 4,900).
Infrareé %?ectrum: in nujoly) max.1650 cm. 4 (H-bonded eqter}p
in cﬁlgfoéérm\g max. 1661 cmc,-1 (E-bonded éster).

fhg compound én etha&ol gave a pale yellowish-brown

colocurstion with squeous ferric chloride.



Ethyl 3-bromo-b6-hydroxy-4-methoxy-2-methyibenzoate. -

To a pqlgtioﬂ of ethyl gve;ninate (5059 g.) in dry carﬁén.
tetrachloride (80 c.c.) was added methanol (092 C.Co)o The
resulting solution, hegpgd under reflux in & quartz flask by
irradiation from o 150 w. lanp;_ﬁas treated dropwise with
bromine (4?26 g., 1 mol.) in dry carbon tetrachloride (25 c.c.)
during 30 minutes. Each addition was made when the colour of
the previous addition was almost dischsrged. Refluxing was
continued for a2 further 1) minutes. The solvent wes evaporated
off undey zredusced pressure and the T@sulting'yeliow gun wes
dissolved in ligh% petroleum (b.p. 60-80°). Reduction of the
buik of tho solvent gave erystalline matericl, *A?', which wes
filtered off,. Further reduction in the voluua of th@v§OngﬁE
gave & gzecond srystalline crop, 'Bf,

The crystalline materiel 'A' was recrystallised fron

light petroleum to give ethyl 3»brom036~hydrox17d~methoxy=2~

-methylhenzoate (3.2 g.) as fine needlos, m.p., 125-127°.

Pounds C,45.683 H,4.T7%.
C,,H,50,Br requires: C,45.67; H,4.54%.
[ o
Light ebsorption: A max. 2180 A. (& =~ 28,300), 2620 A. (€ = 8,900)
(]
and 3030 A. (&= 4,100).
Infrared spectrum:s in nujol}) max. 1650 cm., * (H-bonded ester),
. , ' -1 :

ir chloroform Y mex. 1655 cm. (H-bonded ester).

| The compound in ethanol gave a deep purple colouration

with eguoaous ferrie chloride.
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Yhe second cnystalline crop, ‘B! was recrystallisaﬁ
from ligﬁt petroleum-to give felted needles (0.6 £.) mops 92-93°,
The_maéovof the material was undepressed on'admizture with en
authentip_spaciman 0f ethyl 2<bromomethyle6-hydroxy=-4-rethoxy-
benzoate m.po 92»9505°; The infrared épéctra of the twe

specinens were idensical.

F-fdydroxy-5-mnethoxyphthalide from ethyl Z2-bromomethyl-

=6<hydroxy-4-nethogybenzoata. « To & solution of ethyl 2-troms-

méthyleé-hy&re;y=4~methaxybenzaate (400 mg.) in dioxen (8 c.c.’
was addsd water (2 €.¢.) end the resulting solution réfluxéd
geatly foxr 24 hours. Dioxzan was evaporated off under reduced
pressure and the solution cooled, The white prscipitaﬁs,was
filtered ofii, washed with water and sucked dry. Crystallisation
of the mzterial from acetone-light petroleum (b.p. 60-80°) gave
prisma, (2%0 mg. 90%), m.p. 185-187°. The m.p, was undepreassd
with ar suthentic specimen of 7-hydroxy=5-methoxyphthalid@ oPo
186-188°. The infrered spectra of the two specimens were

identical.

Ethyl 5--bromo-4,6-dimethoxl-zomethylbenzoate° - L
solution of ethyl B-bromo-6-hydroxy-4-methbxj-2mmethylbenzoate
{250 mg.) in methanol (10 c.c.) was treated with excess ehiereal
diazomethane until the,solﬁte in athanol gave no colouration with
‘aqueocus ferric chlorids {2 hours). Removal of the solvents

gave a colourless gum which was crystallised from light petroleum

(bopo 40-60°) to give ethyl 3-bromo~4,6-dimethoxy~2-mzthylbenzoate




(190 ©2.) a8 prismg, m.po 83=84.5°.
Found: C,47.26; H,4.85%

Cigﬁigeéﬁr squires: C,47.525 H,4.95%

6

- 2 9 3 e - P
Light abgorptdion: A Bax. 2070 A. (E = 35,400) and 25380 A,
(&= 3,300 )s
-1
Infrarsd spectrum:  4n nujol VY max. 1715 em.  (ester carbonyl),

-l
in chloreforn Y max. 1721 cm, {ester carbonyl).

Tthyl Z~bronged,G=dincthoxry=2-nzthrlbensaats £ron

JoBromded,0-dinsthozy-2-nethylbenzoic acid. - A solution
0F Z-bromno-i,b-dinethoxy-2-methyldenzoic acid.(80 mg.) in
mé;hanel (5 coc.) wae treated for 30 minutes with excess
etherssl disgomethans, Evaporation of the sclvents undar

veduced pressuro gove & colourless gum which was crystalliscd

)

3

from lizht patroleun (b.p. 40-60°) to give Prismes MoDo
G0=52°, Ths compound was undepressed on admixture with e
ganple of ethyl 3-bromo-4,6-dimethox ymZamethylEenzoate
nrepared in tho preceding experiment by methylation of

othiyl Z-bronceb-hyéroxy-d-mnethoxy-2-nethylbenzoate. Ths

two apecimsng had identicel infrared spectra.



Ethyl 2»ethoxycarbonvl§5-methylu4~phenyl~2-butenoatéa
(ef. larion and lcRese, Can. J. Res., 1940, &g; 2653 ana Zon and
spéight, J. Ghem. Soc. 1930, 775). - To powdered anhydrous =zine
chloride {25 coCo ) eniline (10 c.c.) was added slowly with shakimgo
Dieéthyl meslonate (80 c.c.), phenylacetone (67ng°) and acetie
enhyéride (60 coc.) were added. The flask was fitted wifh an
-air condenser eand calqium chloride tube and the mixture heated on o
steam bath for 75 hours. The mixture wes cooled, water (200
C.Co.) was added and the solution extracted withvather (2 =
300 ¢.C.). Ths combined ethereal extract was washed with
hydrochloric acid (8 x 200 c.co.3 4N), watei.and dried (ﬁazsch)o
Removal of the ether gave & brown oil. The fraction of th@‘oii
vhich distilled at 150-185°/12 m.m. wes collected. On standing
overnlight,crystals of acetanilide m.p. 116-117° had precipitated
from the éi}a The acetanilide was'filtered oif, the filtrate

(12 g.) redistilled and the fraction boiling at 172-175;/3 mem.

was collected to give ethyl 2-ethokgcarbonglfB-met@xl;@-ghenvlé
-2=titenoate (9 g.) as & pale yellow oil. The ester slso had

b.po lanid6° 0.3 m.m.

Light absorption: N mex. 2060 A. (€ = 19,0‘00) and 2230 A. (& -

14,600). | o

, ' -
Infrared spectrum cf the oil:\)umx. 1709 cmo"(ester carbonyl),

o
infraréd spectrum in chloroform:\) max. 1727 cm~ (ester carbonyl).

Z»Carboxyoi-methyl-4-phenl;75-butenoic acid. ~ Ethyl

2~ethoxycgrbonyleﬁmmefhylodophenyl-Z-butanoate (2 g.) was rofluxed
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for 2 hours with potassium hydroxide (5 g.), methanol (45 c.c.)
and water (5 c.c.). Water (50 c.c.) was added, and methanol
was diectilled off vader rsduced pressurs. The elmost compls ta
solution was cooled, eitracted with ether (2 X 20 c.c.) and $he
aqueous phase acidified (Congo red) with 4¥ hydrochloric acid.
The rezulting white cmulsien which slewly solidified, wag
extracted with ether (3 z 20 c.c.). The combined ethereal
extract was washed with aqueous sodievn hydrbgen carvonate

(3 2 20 ¢oca).  The combined alkaline washings were aci&ifiﬁd
(Congo red) with 410 hydrochloric acid, when & white solid
soparcted. The solid (1.5 g.) was filtered off, washed with
weter and sucked dzy. Cr'sﬁallisation from ether-benzens gave

2ocarbagy~3«m@thy1m4aphgny1-3~butenaic acid, m.po 153-154°

(Decomp.) as plates.
Pound: C,65.48; H,5.8%; equiv., 1086.
C,oH,, 0, requires: C,65.45; H,5.49%; equiv., 110.1.
Light sbsorption: J\ max. 2060 A. (€ = 19,100) and 2470 A, (€ «
16,200). |
Infraréd'spectrum: in nujolV max. 1709 cmo'l(carhoxylic acid),
in chloroform,\ max. 1724 om.™ (barboxylicrﬁcid).

Tﬁe compound decolourised bromine Wﬁtér,

LoD

S-Metgxl-4-Ehenzl-3-butenoic acid. -~ 2-Carboxye3-methyl-

-4-phenyl-3-butencic acid (2 g.) was heated under atmosphgrig
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preasure at 170-180° (bath temperature) until affervescence of
carbon dioxlde ceasad. The residue which crystzllised on
cooling wes recrysiallised from benzens-light petroleum

(bop. 60-80°) to give 3-mothyle4-phenyl-3-butenoic acid (1.4 g.)

&8 plates m,p. 112-114°,
| Tound: C,T74.673 H,7:07%; equiv., 177
Gy, 850, roquiress C,74.97s H,6.86%3 equiv., 176
Light absorption: M max. 2050 5; (€& = 18,000) and 2460 2. (& =
14,900).
Infrared spectrum: in nujol Y max. 16386 cmam11 (carboxylic acid),
in chleroform VY max. 1715 cmo-i (carboxyliq acid),
The compound decolourised bromine water and was soluble

in coléd aquzcus sodium hydrogen carbonate.

Ethyl 2-ethoxvecarbonyle3e-nsthyl-4-phenyl-3-butencate. =

2-Carhoxy=-3-methyl-d-phenyle3-butenocic acid (3 g.) was tresated
with ethereal diszoethons from nitrosoethylurea (4.5 g.). This
was less than the theoretically required amount of diazoethans
toc prevent possible pyrazoline formétion. The ethereal
solution ﬁas wvashed with aqueous sodium hydrogen carbonats

(3 x 20 c.¢s), water and dried (Na,50,). Removal of the ether

gave ethyl 2-ethoxycarbonyl-3-methyl-4-~phenyl=-3-butencate (3 g.)
es & pale yellow oil-bepg 154-1587{003 N.Mo
Light absorption: Amax. 2060 A.(E = 16,100) and 2470 E,(& &

12,700).
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Infrared spectrum of the oil: YV max. 1718 cm. (ester carbonyl),
2

infrared spectrum in chloroform: \9 max. 1730.Qm° (ester

caxrbonyl).

Tha ester decolourised bromine water.

Hydrolynis gﬁ;@thyl 2~ethaxycarbony1~5amethy1-4mﬁheny1e

«3-butencate to 2-carboxy-3emethylei-phenyle3-butencic scid, =

Ethyl 2-ethorycarbonyl-3-methyl-4-phenyl-3=butencate (500 mg.),
was refluxed for 2 hours with potassium hydro xide (2 g. )9
methanol (la‘caco) and water (2 c.c.). Water (20 c.c.) was
added and metbanol distilled off under reduced pressure. Th@
almost complete solution was washed with ether (2 x 10 c.c.),
and the aqueous phase acidified with 4N hjdrochloric acid, The
resulting‘emulsion was extracted with ether (5 x 10 coc.)g‘and
thes combinsd ether extract was washed with %aﬁer and dried
(Na,50, ). Removal of ethsy gave a white solid (350 mg.) wﬁich
crystallised from ether-benzene as plates m.p. 153=154° (decomp.).
Ths m.p. vas undops essed or admixzture with a specimen of

2=CaATVOXY =31 gthyl~4=ph9nyl—3ubuten019 acido The infrared

spactre of the two samples were identical.

Oxidation of 2-carboxy-3-methyl-4-phenyl-3-butenoic

acid to benzaldehyde. - 2-Carboxy~-3-methyl-j-phenyl-3-butenoic

acid (406 mga) was dissolved in 5% aqueous sodium carbonate
(10 c.c. )o ‘The solution was heated; and to the hot solution

was slowly added deci-normel aquecus potasszum permangana*n



{2.4 c.c.), Each asddition was m2de when ths colour of the
previcus sddition had disappeared. FPive minutes éftar the
additicn of the pstessium permenganate, a few drops of methanol
vere sdded and ths solution hesteé for a furthor 4§ minutes.
The rizture was filtersed, and vhe filtrate cooled and sxtracted
with chloroform (3 x 10 c.c.). The combined chloroform extract
was washod vith aqueous sedium hydrogen carbonate (3 = 10 c.c.)
‘eztrast AY water end dried (Ne,S0,). Removel of the chloroform
gava & yellow oil. The oil gave & 294-dinitrophenylﬁyérazoné
shich had m.p. 234-236°, and mixzed m.p, 2%54=236° on ednixturc
with beanzaldalyds 2,4odinitrophenylhydrazcnen

Thes alkaline ‘extract A' geve no preelipitate on
acidification with diluts hydrochloric acid.

3=lizthyle4-phenyl-3<butenocic acid and ethyl 2-ethoxzy-
carbonyloiamsthylod-ghenyl-j-butenoats on similar treatment with
aqueous slkaline potassium permanganate gave benzaldehyde. Ethyl
zoathozycarbonyl-3-methy1-4»phenyl-2;butenoat@ and phenylacetons
gave no neutral fraction but adidificgtion of the alkalins
textract A' gave benzoic ecid m.p. 119-121° and mixed m.p.

119-221° on admixturs with an authentic sample.

Ozonolysis of ethyl 2-ethoxycarbonyl-3-methyl-4-phonyl.-

-2-butencate to give phenylacstone. - A solution of ethyl

2-ethoxycarbonyl-3-methyl-4-phenyl-2-butencate (1 g.) in dry

chloroform (20 c.c.) wes cooled in o bath of acetono-solid carbon



dioxide. Ozone wae passed alowly through the solution until

it ceased to be taken up immediatsly. Removal of the chloroforz
undsr reduced pressure gave & yellow oil. The oll gave a
2,4-dinitrophsnylhydrazone m.p. 153-155° 2nd mixed m.po 153-155°
on admixture with & sample of phenylacetone 2,4-dinitrophenyl-

hydrazongc.
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Isomerisation of a Homophthalic Acid DPerivative.




S UMMARY

In the course of investigation of & possible synthetic
route to (4)-3,5~-dihydro-8-hydroxy-6-nethoxy~3-methylisocoumarin,
some novel rearrangenznts of homophthalic acid derivatives were
discovered., In one case 3-benzyloxy=-2-ethoxycarbonyleH-
-methoxyphenylacetic acid was converted into ethyl 3-bensyloxy-
-2«carboxzy~5-mathoxyphsnylacetate by anhydrous acidic reagents.
The reversa rearrangement was effected by aqueous alkali.
Mechanisms for the rearrgngqments are discussed,

During preparation of 3=benzyloxy=-2-ethoxycarbonyl-5-
~pe thoxyphenylacetic acid, a small amount of an iscmeric acid
ﬁas, on occasion, also obtained. The reactions of this acid
suggested that it was a geometric isomer of 3~benzyloxy-2-
ethoxycarbonyl-Seme thoxyphenylacetic acid. Possible structures
of two geometric isomers of 3~benzyloxy-2-ethoxycarbonyl-5-

-methoxyphenylacetic acid are discussed.



INTRODUCTION

Sonéheimer} isolated & colouriess optically active
crystalline substance from the hexane extréct of bitter
carroits. "By analytical and degradativwe studies, he showed
this substance o be («)=3,4-dihydro-8~hydroxy-6-ne thoxy-3~nethyl-
igocouwnarin (I, R = H)., Logan and Newbold2 confirmed this
structurz by synthesis of (i)~594~dihydro—6gs—dimethoxyuBamethylw
gggcoumarin (I, R = Me) which they found to be identical with

the racemic methyl ether of the carrot compound.

The starting material for Logan and Newbold'é synthesis
was 2-carboxy-3;5-dimethoxybenzyl methyl ketone (II), treatment
of which with sodium borohydride gave (I, R = Mé)o The
preparation of the starting-maferial (II) is described by
Nogamiao

The first step in the preparation of (II) is the
condensation of two molecules of ethyl acetone dicarboxylate
(III) in the presence of ethyl chloroacetate and magnesium to

give ethyl 4-carboxy-2-ethoxycarbohylé5,5-dihydroxyphenylacetate

{¥). A small amount of magresium catalyses the reaction, but &



&8

relatively large amount of ethyl chlofoacetate is requirad,;
apparently to activate the magnesium. This condenseation was
first described by Jerdani who formulated_fhe condensation
product as (IV), but later work by Asahing and NogamiS proved

the structurs %o be in fact (V).

Decarborxylation of (V) %o ethyl 2-ethoxycarbonyl=3,5-
dihydraxjpheﬁylac@tate (VI) was affected by heating with copper
powder and quinoline. Methylation of (VI) with msthyl icdide,
followed by alkaline hydrolysis gave 2-ethoxycarbonyl-3,5-
~dimethoxyphenylacetic acid (VII). Treatment of (VII) with
phosphorus trichloride in chloroform at room bempersture For
24 hours gave 2-ethoxycarbonyl-3,5-dimethoxyphenylacetyl
chlorids (VIII), which was condensed with the sodio derivative
of ethyl acetoacetate to gife (IX). On treatment of {IX)
with alkali the ketone (II) was obtained. It should be moted
that 'Chgmical Abstracts'® ars in errér in the details which

they give for the preparation of (II).
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It was decided to attempt & synthesis of the raecenmic
carrot compound itself (1)-5,4-dihydro-8~hydroxy-6-methoxy=3-
-methylisocoumarin (I, R = H) by a similar route. Ethyl
2-e£h0xycarbony1—j,S-dihydroxyphenylacetaté (VI).can-be
selectively methylated by diazohethane, and subsequent
alkaline hydrolysis will give 2-ethoxycarboﬁy1-3-hydroxy~5amethoxy~
phenylacetic acid (X). Protection of the 3-hydroxyl group in (X)

OR
CO4ES

CHCOH

(x1)
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by & readlly removable group such as. an acetiyl or benzyl group

would give (XI, R = Ac or Bz). A series of reactions starting

fromi(XI)9 parallel to those described above for the dimethoxy

series, and final removel of the acetyl group by alkaline

hydrolysig? or the benzyl group by hydrogenolysis, would give

(i)ajs4«@ihydro«B-hydroxy-6-me€hoxy-3-methyléggppumarin (ipztn o).
Several of the préposed reactions were in fact carried

out, dbut it was found that synthesis of (I, R = H) by this

route wez impracticable. As & result of this work however,

other toplcs of interest were found concerning the intermediataes

in the propossd synthesis,. The crowding in the 1,2,5-tri;

substituted system of the compounds in this series, and the

proximity of the benzolc carboxyl and the phenylacetic carboxyl

functions, as shown by molecular models’togather give rise to

some unusuel reactions. In 3-benzyloxy=-2«ethoxycarbonylef-

-methoxyphenylacetic acid (XI, R = Benzyl), due to the size of ths

benzyl group, there is extreme steric crowding. It is with

the reections of this compound and of its derivatives that this

work is chiefly concerned.
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THEORETICAL

The compound obtained by Sondheimer’ from the hexane
extract of biltter carrots, has bheen shown by him to be almost
certainly (- )~)9,»dlhydvo-B-hydroxya6=mothoxy B-methyllso
coumarin (I, R = B). logan and Newbold's synthesis of the
racemic methyl ether (I, R = lie) of the carrot compound confirmed
this strustars, The route by which'thay synthesised (+)=3,4-
dihydro-6,8~-dirsthoxy-3-nethylisocoumarin (I, R = He) is

described in the Introductiono It soened to us a simple matier

(1)

by & parallel series of reactions, sterting from Z-ethoxycsrbonyl-
=3=hydroxy-5-nethoxyphenylacetic acid (X) to synthesise the
racemic carrot compound (I, R = H) itself, The 3<~hydroxyl group
would‘be protected by a readily removalle group such as an acetyl
or benzylﬁg:ogpo Subsequent removal of the acetyl group by
alkaline hydrolysis, or of the benzyl group by hydrogenolysis
would give (I, R = H) [see Introduction]

Selective methylation of eéthyl 2-ethoxycarbony1-5,5-
~d1hydroxyphenylacetate (Vi) by brief treatment with diazomethane
gave othyl 2-ethoxycarbonyl=3-hydroxy-5-methoxyphenylacetate (XII).

The 3-hydroxyl groups of other compounds in this series (x), (x11),
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(XV), (XXI), (XXIv) and (XXV) were similarly resistant to
méthylation, a 24 hour treatment with excess ethereal diazo-
methane gi?ing only pertial methylation of that group. The
inactivity of the 3-hydroxyl group is due to intramolecular
hydrpgen_?quing of thgﬁ group, with the adjacent ester carbonyl
group. |

14114 alkaline hydrolysis of (XII) gave 2-ethoxycarbonyl-

-3=hydroxy~5-methoxyphenylacetic acid (X). It was noted that
(X) was unaffected even on prolonged vigorous alkaline.hydrolysis
treatmeant. The 2-a2thoxycarbonyl group of all benzoic ester
compounds examined in the course of this work prgved to be equally
inert to vigorous alkaline hydrolysis conditions. Not hydrogen
bonding,; but steric deactivation confers this stability since
most of these compounds have the adjacent J-hydroxyl groub
protected,

Acetylation of (X) by acetic anhydride and pyridine gave
3-acetoxy-2-ethoxycarbonyl-5-nethoxyphenylacetic acid (XIII), Ve
were now in a position to elaborate the phenylacetic side chain
as in the dimethoxy series. Treatment of (XIII) with thionyl
chloride gave the crude acid chloride (XIV) as a brown
uncrystallisable. gum. During the subsequehtAcondensation of
(X1IV) with the sodio derivative of ethyl acetoacetate, followed
by alkaline hydrolysis, decomposition took place and a brown

zizorphous vowder only was obtained,



T
[
IS \Q\/‘;’ﬁgﬁﬁéﬁt Aeng

(vI)
Sk Qe
o N ol 0‘;: Ft / -COg (304
A e
FaONg, ~CHE0H  MaO' -~ CHCOS

In view of the probable greater stability of the

benzyl ether, it was decided to.attempt elaboration of the
ﬁhanylacetic side chain of 3-benzyloxy-2-ecthoxycarbonyl-5-
methpxyphenylacetic acid (XVI). Brief treatment of 2-ethoxy-
carbonyl-3-hydroxy-5-methoxyphenylacetic scid (X) with diazo-
methane gave methyl 2—éthoxycarbonyl-3-hydroxy-5-methoxyphenyl-

acetate (Xv). Benzylation of (XV) followed by alkaline
hydrolysis under the usual conditions for hydrolysis of a
pﬁenylacetic ester gave (XVI). This preparation employed
benzylation éf (xv) rather than (XII) since the former is more
readily purified. The acid (XVI) was characterised as its
methyl ester methyl 5-benzyloxy-2-ethoxycarbonyl-5-methoxy~
phenylacetate‘(XVII). The methyl ester (XVII) returned the

acid (XVI)on mild alkaline hydrol&siso
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3-Denzyloxy-2-ethoxycarvonyl-5-methoxyphenylacetic acid
(XvI) was treated with the usual acid chloride forming reagents,
phosphorus trichloride in dyxy ethanol free chloroform a% room
temperatures, éﬂd thicnyl ehloride at refluz, | Bothtréatments
gave the sams arystailine product iﬁ 75% yield in the former
and 55% yield in the latter case. The matérialé which was
regrystallised from anhydrous sclvents had m.p. 116-117°. The
compound was not an acié chloride, but a carboxylic acid, and
did not contain chlérineo By analysis this compound was isomerie
with (XVI). Pitration indicated it to be a carboxylic acid
having the same Equivalent as (XVI). Neither (XVI) nor the
acid'mopo 116-1i7° in solﬁtion in ethanol gave a colour with
aqueous ferric chloride. The m.p, of this compound was
depressed on admixture with (XVI), and their infrared spectra
were different. Thus (XVI) and the acid mop0116-117° were
different compounds not cfystalline modifications of (XVI).
The acid m.p. 116-117° gave a crystalline methyl ester isomeric
with methyl 3-benzyloxy-2—ethoiycarbonyl-5-methoxyphenylacetate

(XV11). The two methyl esters had different m.p., and depressad
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on mixed m.p. Their infrared sPectralwere also different.
Treatment of the acid m.p. 116-117° with aqueous, agueous
ethanolic or aqueous methanolic élkali returned 3-benzyloxy-2-
éthoxycarbonyl«5~methoxyphenylacetic acid (XVI) in good yield,
The acid m.p. 116-117° was, however; stable in cold Y100

sodium hydroxide and was reéovered unchanged on acidification of

the solution.

Structure of the Acid m,.p. 116-117°.

3~Benzyloxy=2~ethoxycarbonyl-5-methoxyphenylacetic acid
(XVI) and the acid m.p, 116~117° were esterified with diszoethane.
Both ethyl esters were oils,; but comparison of their infrared
spectra indicated them to be identical, [i1ld alkaline hydrolysis
of both esters gave (XVI). Clearly then, conversion of (XVI) to the
acid.mopo,ll6«117° end vice versa, involved an interchange of the
acid and ester functions. The acid M.Po 116-11?° was tentatively
formulated as ethyl 3-benzyloxy-2-carboxy-5-methoxyphenylacetate

(XVIII).

v

N

Purther evidence was sought to prove that the acid

m;po 116-117° was ethyl 5-benzyloxyozacarboxy-5-methoxypheny1



76

acetate (XVIII); 3-Benzyloxy=2»ethoxycarbonyloS-methOiyphenylm
acetic acid (XVI) was first of all debenzylated to ascertain that

wé were indeed ﬁealing with a compound of that structure.-

Hydrogenation of (XVv1I) at atmospheric pressure in the presence

cf palladised charcoal catalyst and magresium oxide gave & phenolic

product identical with 2~ethoxycarbonylm5-hydroxy-S«-methoxypheny‘l—

acetic acid (X). Thus strueture (XVI) is confirmed. Debenzylation
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of the acid m.p. 116-117° (XVIII) gave a salicylic acid derivative
which was isomeric with 2-ethoxycarbonyl-3-hydroxy-5-methoxyphenyl-

acetic acid (X). Esterification of the salicylic acid derivative



with diazoethane gave & phenolic estey 'A?, which on alkaline
hyérolysis gave & carboxylic acid 'Bf, 'A?! was ident;cal with
ethyl 2~-ethoxycarbonyl=3~hydroxy-5-methoxyphenylacetate (XII), and
‘B! was identical with 2-ethoxycerbonyl-3-hydroxy-5-methoxyphenyl-
ecetic acid (X). The salicylic acid derivative was therefore
formulated as ethyl 2-carboxy-3-hydroxy-5-methoxyphenylacetate
(XXI)

It now seemsd fairly certain that the acid m.p. 1156-117°,
isomeric with (XVI) was ethyl 3-benzyloxy=-2-carboxy=5-methoxy-
vhenylacetate (XVIII), and that (XVI) snd (XVIII) can te readily
interconverted in good yicld. Phosphorus trichleride in chloroform
or thicnyl chloride cause the isomerisation of (XVI) to (XVIII).
It was found that dry hydrogen chloride in chloroform also brought
ebout the iscomerisation to give (XVIII) in 20% Yield, the baian@e
being recovered as starting material (XVI). Hydrogen chloride
in alcohols or aqueous alcohols, however, did not cause isomerisa-
tion,

A structure can now be assigned to the methyl ester of the
acid m,p. 116-117°, It is ethyl 3-benzyloxy—5-methoxy-2ometho#y-
carbonylphenylacetate (XIX). The common ethyl ester of.(XVI)
and XVIII) is ethyl S-benzyioxy-Z—ethoxycarbonyl-s-methoXyphenyl-

acetate (XX).

The action of mild alkaline hydrolysis of ethyl 2-carboxy-



—3-hydroxyéﬁomethoxxphenylacetate (XXI) was examined. The

product was not the expected diacid, but éoethoxycarbonyl-Bc
uhydroxyo5=metﬁoxyphenylacetic acid (X). Thus (XXI) on mild
slkaline hydrolysis undergoes rearrangement analqgous to the

conversion of (XVIII) to (XVI). Treatment of (X) with phosphorus

e }H
Eﬁyﬁ\xéﬁéﬁi o " ;Ciﬁia
| : i s,
Pl \%Q/,@HCCJ’L& a0 .VCH,JC@J%
(XX1) (x)

trichloridie in chloroform and with dry hydrogen chloride in
¢hloroforn feiled, however, to bring about the reverze rcactiomn
enalogous to conversion of (XVI) to (XVIII).

Due to the unique wusture of the isomerisation of 3-benzyle
oxynz-ethdxycarbonylwﬁ-methoxyphenylacetic acid (XVI) and ethyl
3ubenzyloxy-2~carboxy-5=methoxyphenylacetate (XVIII), synthetie
confirmation of the structure (XVIII) was required. 3-Benzyloxy-
~5-methoxy42-methoxycarbonylphenyiacetic acid (XXVI) apd its ethyl
ester ethylw3-benzyloxy~5-methoxy-é-methoxycarbonylphenylacetate
(x1x%) were therefore synthesised by an unambiguous route.

Condensation of two molecules of methyl acetone dicarboxylate
(XXII) in the presence of magnesium powder and ethyl chloroacetate
gave methyl 4-carboxy-3,5-dihydroxy~2-methoxycqrbonylphenylacetate
(XXIII), which was decarboxylated in the presence of copper powder

end quinoline to methyl 3»5-dihydroxy-2-methoxycarbonylphenyl=
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acetate (XXIV). By brief treatment with diazomethane, (XXIV)
waa selectively methylated to give methyl 3-hydroxy-H-methoxy-2-

methoxycarbonylphenylacetate (XXV). Benzylation of (XXV)follcwed
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by mild alkaline hydrolysis gave‘5wbenzyloxy—Bomethqu-Q—@ethoxyn
carbonylphen&lacetic acid (xXVI)o On treatment of (XXVI) with
ethereal diazoethane, ethyl 5-henzyloxy-5-mefhoxy-2-methoxycarbonylw
phenylacetate (XIX) was obtained, and was found to ﬁe identical with
the methyl ester of the acid m.p. 116-117°, The methyl ester

(XIX) of the acid m.p. 116-117° on mild alkaline hydrolysis gave &
carboxylic acid which was identical with 3-bensyloxy-5-methexy~2-

-methoxycarbonylphenylacetic acid (XXVI) synthesised sbove, thuy
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providing further confirmation. Structure (XVIII) can now be
positively assigned to the acidic product m.p. 116-117° from the
isomerisation of 5~benzyloxy-2-ethoxycarbonyl-s-methoxyphenyl-

acetic acid (XVI).
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Infrared Absorption of Homophthalic AciQ_Derivativesg

Assignments have been made for bands in the carbonyl
regions of all compounds prepared during this work [TableI]° These
conpounds are derivatives of homophthalic acid and may be divided
into three classes: diesters, phenylacetic acid-benzoic esters and
Each group‘is discussed

phenylapefic ester-benzoic acids.

separately. ‘
TABIE I.
(a1l values in em, )

Nujol

1748 (phenylacetic
ester)
1715 (venzoic ester)

1736 (phenylecetic
ester)
1712 (benzoic ester)

Chloroform

1736 (phenylacetic
ester)

1733 (phenylacetic
ester)



aéﬁa ) jae e
E
oG Ry~ OH 00
(X11)
e
“;f:f;; R v
el
{ !
9‘%@"«1:%/15';» 0,8
(xxv)
CH
P
2 G
?ﬂ
e 3 -
M0 \‘:;“}//‘Ulci LEOMe
(xv)
i
:,”//x\ o N
{“ I'f;a.o P
Ho ;T% / "uu‘ii(,@:ﬁt
(Vi)
OH
|
(Xxx1v)

AN
,gvfug“gg
b

R0 Ry~ TR0 H

{xxvx)

{phenylacetic
ester)

1753
1653

ester)

1759
16561

(phenylacetic
ester)

(E-bonded bvenzoic
egter)

(phenylacetic
ester)

(4-bonded benzoic
ester)

1739
1653

1712 (phenylacetic
ester lowered by
strong intermolec-
ular H-bonding)

1664 (ll~bonded benzoic

ester)

1706 (phenylacetic
ester lowered by
strong intermolec~
ular Hebonding)

1653 (H-bonded benzoic

ester)

1724 (benzoic ester)

1681 (phenylacetic
acid dimer)

1727 (benzoie ester)

1736

(H-bonded benzoic) 1681

1739
1667

1739
1658

1736

1661

1736

1667

1724

1724

Chloroform

(phenylacetic
ester) '
(H-bonded benzoic
ester) ‘

(phenylacetic
ester)

(H-bonded benzoic
ester)

(phenylacetic
ester)

(H-borded benzoiec
ester)

(phenylacetisc
ester)

(H-bonded benzoic
ester)

(phenylacetic
ester)

(H-bonded benzoic
ester)

(benzoic ester)

(benzoic ester)
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1757
1718

1700
1667

1736
1694

1736

1742
1692

1645

1742
1692

Hujol

(acetate).

(benzoic ester).

(phenylacetic
acid dimer),
(d-bonded benzoic
ester).

{phenylacetic
ester).
(venzoic acid
dimer).

(phenylacetic
ester).

(phenylacetic
ester).
(H=bonded benzoic
Gstér) a
(H-bonded benzoic
acid).

(phenylacetic
ester).
(H1-bonded benzoic
ester)

Chloroform

1767 (acetate).

1721 (benzoic ester).

1718 (phenylacetic
acid monomer),

1661 (H-bonded benzoicg
ester).

1736 (phenylacetie
ester).

1736 (Phenylacetic
ester).

1656 (H-~bonded benzoic
acid).

1739 (phenylacetic
ester).

1698 (H-bonded benzoiw
ester).

1647 (H-bonded benzeie
acid) o

1742 (phenylacetiec
ester)

1697 (H-bonded benzoic
ester).

1656 (H-bonded bemzoic

acid)
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Homophthaiic Acid Diestérs

Compounds of this type are (XVII), (x'xx), (XII), (Xxv),

(xv), (vI) and (XXIV). Two carbonyl bands may be present in
their speq?:gp one due to the benzoic ester gnd the other due

to the phenylacetic ester group. Benzoic estersvyianiq have
begn found_to absorb iﬁ the ranée 1730-1717'cﬁ°"1° The pﬁeny]=
acatic ester group will ﬁehave as a normal sétﬁratéd este:vplsosﬂ
the ban@s of which are usually in the range ifSO-l?SB cmoff.

In nujol, (XVII) exhibits a band at 1748 t'.:ma"1 due to the'pﬁenyla
acetic estgr group, aﬁd a band at 1715 cmo’f'due to the benzoic
ester groui:o In chloreform, the phenylacetic ester vand is a%
1736 cmc,'1 vhile the benzoic ester band disappearso In nﬁjol
(XIX) shows the phenylacetic ester band at 1736 cm.” and the
benzoic egte: band at 1712 cmfl° In chlqréform the phénylaceti@
ester ban@'is at 1733 Qmo°1 while the benzoi§ ester band'aéain
disappears. Of the remaining diesters, (311), (xxv), (XV);‘(VI)
and (XXIV)?.all have a free phenolic hydroxyl group adjacent to
the bgnzoic ester group. The benzoic este: groupslshow 
absorption at lowered frequencies, 1664-1653 émo'i.in nﬁj?i, and
1667f165§{9p°'1 in chloroform, due to chelat;oﬂ with the pﬁenolic
hydroxyl é;oup? All show phenylacetic ester'bandé in the range
17393173?_9m§'1 in chloroform. In nujol, thé‘phenylacetic ester
frequencies of the two dihydroxydiesters (VI)'and (XXIv) ere
considerg§iy lowereﬁ? clearly because of g:égter intgrmo;ecular

hydregen bonding with the two free hydrbx&i groups,
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Phenylacetic Acid-Benzoic Esters.

Compounds of this type avre (XVI), (XXVI), (XIII) and (X).
Thess compournds may show two bands,; ons due to the benzoic esier
Zroup, the other due %o the phenylacetic acid groupo' The
pheﬁylacaiid ecid group will tehave &s a normal saturated
aliph&tic acid9793318”1é the bands of which are usually within
the renge 1725-1705 cm“lo The bands of (XVI), (XXVI) and (XIII)'
require no comment exzcept that the phenylacetic acid band of
(XvI) in nujol at 1681 en.”’ is muach lower than would be -

predictéd; In (X) the benzoic ester frequency ie lowerad by

intramolecular hydrogen bonding with the 3-hydroxyl group.

Pheﬁz}éc@tic Ester-Benzoiec Acids.

Compourds of this type are (XVIII) and (XXI). In
nujol and chlsroform, both show the usual phehylacetic ester
L 796°13719 , : R
band, An aryl acid dimer shcwe  absorption in the
: -l : y , -t
region of 1665 cm, In nujol, (XVIII) shows a band at 1684 cm-
due to the benzoic acid dimer. This Band,-however, disappears

- . -1
in chlorcform. In chloroform, (XXI) shows a band at 1656 cm. ,

, 10
a typical value for a hydrogen bonded bensgoic acid.

E'Thé two remaining compounds (V) andﬂ(XXIII) require
cozment. Both show the usual phenylacetic ester band inﬁnujol_
and chleroform. Fach also shows a band in the 1650 cbo-i region,
end anothor in the 1690 ca. region. In nujol, the band at |

<% v
1692 cn, . is too high to be aseribed to e benzoic acid dimer,
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and much too high to be due to & hydrogen bonded benzoic acid,

o A
Clearly then the bend in the 1650 cm. region in (V) and‘(KXIII)

: 10
must be assigned to the hydrogen bonded benzoic acid, and the

o -l
band in the 1690 cm.

hydrogen bonded benzoic ester.

region is due to the intramolecularly

This velue for a chelated

benzoic ester is high, but is due to the nature of the hydrogen

bond.

bonding with the 4-carboxyl group.

Both phenolic hydroxyl groups may enter into hydrogen

The tendency of the 3-hydroxyl

group to form & bond with the benzoic ester carbonyl will thus

be lessened, hence the relatively weak nature of the intramolecular

hydrogen bond with the benzoic ester, and the relatively high

carbonyl stretching frequency of the hydrogen bonded benzoic

estexr,

Table II lists the carbonyl frequency ranges, excluding

the anomalous cases described above, for the cix types of carbonyl

function considered.

IABLE IX.

Phenylacetic ester.
Benzoic ester. _
Intramdlécularly hydrogen

bonded benzoic ester.
Phenylacétiq‘acid.
Benzoic acid.

Intramolecularly hydrogcn
bonded benzoic aeid

Nujol

1748-1733 cm.
1727-1712 em.

L

L

1657-1653 Cnlo

1700, 1681 ¢m.”

1684 cmo'f1
1645 Cni, -

bk

Chloroform

1742-1753 cno™
1724-1721.cmo-1

1667-1658 cmo™

, |
1718 cm,

1647-1656 em.~



Thz Anhvdride of Ethyl 3-Benzyloxy-2-carboxy-5-methoxyphenyl-

liore #igoroﬁs treatment of 3-benzyloxy;2~eth9xycarbonyl-
=5-nzthoxyphenylacetic acid (XVI) with phosphorus trichlorids was
investigated in the hope that we might thus obtain the acid
chloride. A solution of (XVI) in the usual quaantities of.
phosphorus trichloride and chloroform was refluzxed for & shord
time. The product, which was crystallised from anhydrous solventis
had m.p- 170-173°, The product was not an acid chloride and
did not contain chlorina. It was not & carboxylie acid since
it did not dissolve in cold agueous sodium hydrogen carhbonatae,
and was soluble in 5% agueous sodium hydroxide only on wvarming.
It gave no colour with agueous ferrie chloride., Analyses of this
cornpound wera unsatisfactory, but suggested fhat it was an
anhydride, Iis lJolecular Weight; determined by the Rast method,
was appro#i&ately double the HMolecular Weight of (XV1) and (XVIII)
The compound was unatable, and after two days exposure to the
atmospheré,-the m.-p. of an analytically pure‘sample had dropped
to 155-162°, Mild alkaline hydrolysis of the compound mop.
170-173° gave B-benzyloxy-Zéethoxycarbbnyl-S-ﬁéfhoxyphenylacetiﬁ
acid (XVI). The compound showed infrared bands in chloroform
et 1796 c:rvr;,-,"1 (anﬁydride), 1750 cmopi(phenylacetib ester) and
1097 cmOQ%(anhydride) and an inflexion at 1727 cmo'ig and in
nujol, maxima at 1789 oma™ (anhydride), 1751 dmo-i(phenyiécetic

‘ -1 : : -1
ester) and 1099 c¢m., (anhydride) and an inflexion at 1730 cm., .

-
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Randall'gi_g&ia have observed that the two carbonyl ebsorption
bands of an anhydride ere usually approximztely 60 cmn-1 apart,
and that this is a useful pointer in their identifjication. In
the spectrum of the compound m.p. 170-173°, the band at 1796 cma“i
and the inflexion at 1727 cmo"1 in chloroform are 69 cm‘,”1 apart.
In nujol, the band at 1739 cm.,"'1 and the inflexion at 1730 cmo‘i
are 59 cma"1 apart, Thus the compound mop. 170-173° is the
anhydrié@ of elther 3-benzyloxy-2-ethoxycarbtonyl-5-methoxyphenyl-
acetic acld (XVI) or ethyl 5-benzyloxy-2QCarboxy-5~methozyphenylo
acetate (XVIII).

Phe bend at 1750 cm.™ in chlorcform and at 1751 em.™
in nujol indicates the compound to be & phenylacetic ester, end
thzrefore to be a benzoic anhydrideo Phénylacetic anh,ydride13
shows bands at 1808 cm.” and 1745 cm.™ , and aliphétié anhydride
generally, show bands at even higher frequenciesl,1912 while
benzoic anhydride‘z shows bands at 1789 cxna'1 and l72f_cmf1. The
compound m.p. 170-173° is thue indicated to be a benzoic anhydride
possessing a8 phénylacetic esfer function, it was therefore
formuléted as the anhydride of ethyl 3-benzyloxy~2-carboxy-5-
methoxypheaylacetate, (XXVII).

Similaer treatment of (XVIII) with phosphorus trichloride
in chleroform gave the compound m.p. 170-173°, Conversion of
(XVIII) to (XVI) by phosphorus trichloride for subsequeht formation

of the anhydride of (XVI) is impossible. Thus, by this evidense,



the compound is also indicated to be the anhydride (XXVII) of

ethyl 5-benzyloxy-2~carboxy-5Qmethoxyphenylacetate (xvi1I).

The formulation {(XXVII) is in agreeﬁent with the
conditions df formation of the anhydride. The more vigorous
phosphorus trichloride treatment of 3-benzyloxy-2-ethoxycarbonyl-
—Snmethoiyphenylacetic acid (XVI) first of all isomerised it to
ethyl 3-benzyloxy-2-carboxy-5-methoxyphenylacetate (XVIII).
Dehydration of (XVIiI) then gave the anhydride (XXVII). During
the reversé reaction, treatment of the anhydride (XXVII) with
alkali regenerated the acid (XVIII), which was immediately:isomerised

by the alkali to give (XVI) as usual.

lMechanism of Isomerisation.

5-Benzyloxy-2-ethoxycarbonyl~5-methoxyphenylacetic acid

(XVI) is isomerised to ethyl 3-benzyloxy-2-carboxy-5-methoxyphenyl-



acetate (XVIII) by the action of acidic reageants under anhydrous
conditions. The reverse change (XVIIi) to (XV1) is brought
 about by aqueocus clkalins reagents., Ethyl 2-carboxy~3<hydroxzy-
~5-methoxyphenylacetate (XXI) has been similarly isomerised té
2~ethoxycarbonyl~3-hydrozy~5-nethoxyphenylacetic aoid (X), but

anhydrous acidic reagents do not effect the reverse rearrangement.
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Dase catalysed and acid catalysed (sodium alkoxides and
sulphonic acids) intermolecular ester interchange is known,
although the machaniém by which it taﬁes plaée has notlbeen
'discussed?:1 For example, ethyl acetate and methyl propionéts

form an equilibrium mixture containing the original esters with

CH,CO,Et + CH,;CH,CO,kex CHyCO,Me + CHyCH,CO,Et

ethyl propionate and methyl ecetate as well. No case of
intramolecular ester interchange in a dicarboxylic molecule is

recorded however.



The acid catalysed and dbase catalysed rearrangements
proceed by different mschanisms. The mechanism for conversion
of (XvI) to (XVIII) shouldexplain why the same acidie reagsnts
do not rearrange (x) to (XﬁI). The base catalysed fcarrange-
ment machzanlsm should be equally spplicable to conversion of

(xx1) %o (X).

Acid Catalysed Reexrangenent.

the iscmerisation of J-benzyloxy-2-cthoxycarbonyleS5e
-nethoxyphsnylacetic acid (XVI) to ethyl 3-benzyloxy-2-carboxy-
~Senethoxyphenylacetate (XVIII) is effected by phosphorus |
trichloride in dvy chloroform ia 75% yield, by-thionyl chlorida
in 55% yield end by dey bydrogen chloride in dry chloroform
in 2C% yield, The figures quoted refer to yiélds of top
purity materisl, Isomerisation does nét take placg in aguscus
alcoholic acids,

Acyliﬁm ion formation is known to cccur in ortho-
disubstituted benzoic esters and benzoic acidses,ESQSI. For
example, 2,4,6-trimethylbenzoic acid (mesitoic acid) in

solvent sulphuric acid results in mesitoylium ion formation,

=4

COH

H_%gg [

b KO+ 2 HSO,
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which explains the four-fold depression of frcezing point of

. . .28%31 ) 23931
the solvent sulphuric acid o  Bengoic acid gives a
two-fold depression of freezing point, indicating that acyliunm

ion Formation daey not take place., A freshlv made solution
P

5 g A 1T
uq"f:)‘:-ﬁ"é g*»«"!ﬂ d"’.q'-*
A 6 ;V;'\"’ e
S =,
:e‘;;/"/ \>¢ 5»_% 3, r?“;;/ =)
l e . dL e
i [P S AR S ¥ § Vo) A%L
85 2 T
\'b“:‘(’,,” oS :

of methyl mesitoate in sulphuric acid on being poured into

water gives a quantitative precipitate of mesitoic acid, while
28930

rethyl benzoate on similar treatment remains unhydrolysed o
Similarly mositoic acid is esterified by pouring & solution in
sulphuric ecid into alcohol, while benzoic acid is not thus

38953 i ) _
eaterified, "his behaviocur is in contrast to the known

retaréing effocts of ortho=-substituents iﬁ the acid hydrolysis
of benzoic esters in agqueous solvents, and in esterification ¢f
benzoic acids in alcecholic media?a'gangpaeaas. The difference
indicates that two mochanisns are involved. Thus: in sulphurie
acid veagtions proceed»by the unimolecular mechanism'AA 15 while
in aqueous or alcdholic solvents thé bimolecular mechaniam

AAC2 is involvedas, The strong retarding effects due to ortho
~-gubstituentis on acid catalysed.esterification and hydrolysis

in equeocus and slcoholic solvents is well establishedﬁ2'29p36056



but it razs alge been noited that ortho-substitution in

rhenylacetic acids or esters does not retard esterification
or throlysisis Ceo vérsaly there is little or no tendency to
aeyl dion Tormation in phenylacetic acids or esters, The
retarding effect of ortho-substituents on & benzoic function
in aqueour or alcchollic media depends on the size of the
substituent rather than on its polarity.

Tn (XVI) the benzoic ester funation iz strongly hindeved
by the two large ortho-gubstituents. It is isomerised in
anhydrous solvents by proton donating reagents. Rates of
hydroirycis and esterification by the unimolecular mschanisu
shoulé be increased by electiropositive (electron donating
subs%i%ﬁaﬁts ir the acyl groupﬁvsincs they assist heterolysis ai
the acyl carbon atom. The ortho-benzyl substituent is csuch an
elactro?ositive group, thus_heterolysis of the benzoic oxonium
ion wc&ld be assisted. Clearly the ﬁechanism of conversion of
(XVI) to (XVIII) involves formetion of the acyl ion, kst of
the informstion concerning acyl ion Fformation has basen detormined
for 100% sulphuric acid solutions, but (XVI) end (X) could mnoct
be isomerised in this acid since they showed.decompositiop in
it,

- The first step, then, is protonation of both carboxylic -

functions to give (XXVIII). Due to steric orowding, and %o en

adjecent slectropositive substituent, the acyl ion will de



formed by heterolytic fission. Since there is no steric
driving force, and since there are no substituents to donate
alecstrons to it, there is no tendency for the phenylacetic
oxonium ion %o dehy@rate to the acyl ion, The libefated
2thenol molecule from the bgnzoic function enters immediately
into & normal bimolecular acid catelysed (AACZ) esterificztion
reactlon with the phenylaceﬁic oxonium ion to give (XXIK)G

I noy be considered as teking place through a trensition state
(¥XIfe), or an intermediate molecule (XXIXb)%V Tho scylium ien

function of (XXIX) accepts the eliminated water molecule to givs
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(XXX) which is the protonated form of ethyl 3-bensyloxy-2-

—carboxy-sumethoxyphenylacetafe (Xxv11I). The driving force
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in this isomerissation is primarily steric, the smaller bulk
of the hydroxyl group being more acceptable to the strongly
hindered benzoic function then the larger ethoxyl group, thus
the reverse reaction'ié'preventedc Such transfer e¢f groups is
facilitated by the préximity of the two carboxyl functions as
shown by molecular neodels.

This mechenisn may also furanish the explanation of vhy
{(X) is not rearranged to (XXI) by similar acidic conditions,
In (X) the degree of steric hindrance of the benzoic ester
group is much less than in (XVI), the possibility of benzois
acyl ion formation being thus nmuch diminishediasao,szsasalsog
dus to the decreamsed ateric hindrance in (X) there will be less

tendency to exchange the smaller hydroxyl group for the larger

ethoxyl group.

Alkali Catalysed Rearrangemsnt.

The yields of 5-benzyloxy—2—ethoxycarbon&l-ﬁomethoxy-
phenylacotic acid (XVI) obtained by the action of alkali onm
‘ethyl 3-benxyloxi-Z-oarboxy-ﬁ-methoxyphenylacetate (XVIII) ars
high, The reafréﬁgemant;has been accomplished by 8squeous,
aqueous-ethanoligland aﬁueoué methanolic alkali. Use of this
latter reagent proves the reaction to be truly intremolecular,
i.c. at not time during the reaction is the ethoxyl ion

detached from the molecule.

It might seem that a possible mechanism ihvolves the
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formation of an interm=diate transition state (XXXII), & more
complex form of (XXXI), the usual formulation for the imntarmediate

, ats
in bimolecular basie hydrolysis with acyl-oxygen fission (BAG2)°a
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For such a8 mechanism there is, however; no driving force, and,
the steric sffect of fhe substituents ortho to the benzoiec
carbvoxyl function would tend to prevent the apnroach of the
larger ethoxyl group. A mechanism requiring a stronger driving
force is thus required. Ih solution in alkali the carboxylate
ion (XXXIII) vill be present. Polarisation of the phenylaéetic
carbonyl will give the carbon atom of that carbonyl group a
positive charge. Due fo the proximity of the behzoic.azygen

anion to the polarised phenylacetic carbonyl, as shown by



molecular models, thers will be a tendency for the oxygen anion,
by donating electrons, to form a bond with the charged cérbon
atom to give (XAXIV). The ﬁhanylacetic oxyéen anion wiil

exert & ropulsive effect on the ethoxyl éroupo Polarisation
of the banioic carboﬁyl group will give théf carbon atem &
positive charge, which, duz to the aforemehﬁioned proxiﬁity of
the twoléarboxyl functionsy; will exert an attractive effect on
;ha ethoxyl group, The combined repulsivé and attractivé effects
on tho eﬁhoxyl group will cause transferance'bf that group as
shown; wiﬁh a simultaﬁeous rupture of the benzoic acyl-oxygen
bond to give (XXXV) the carboxyl ion of 3-benzyloxy-2-ethoxy-

carbonyl-5-methoxyphenylacetic acid (XVI).

In the case of a possiblé reverse reaction, involving the
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phenylacetic oxygen anion, the benzoic function in the
internediate complexz would be negativeif éhargedg fhereforé it
is expsctsd that adjacent slectron donatihg gubstituents would
retard the formation of‘such'an intermediatei6 The benzyl
group is such an elactren donating group, thus the revefse
reaction is preveated from taking_place, and the reaction is
driven in one directilon.

This mechanism is also applicable to the converéion of
ethyl 2-carboxy-3-hydroxy=5-methoxyphenylacetate (XXI) to 2-
ethoxycarbonyle)-hydroxy~-5-methoxyphenylacetic acid (X). The
phenolic hydroxyl group in (XXI) tears a negative ionic eﬁarge
in slksli, and is thus strongly electropositive (electron
donating)ié Thus, providing an even_atronger retarding influence
on the back reaction than in the case above, Furthermore,
in the cbsence of the benzyl substituent, there will be less
tendency for steric hindrance to prevent approach of the larger

efhdxyl group.

The Properties of the Acidic Benzyl Ether m.p.100-101°.

This éspect of thé work 1is of mqre>s£;cu1ative interest,
- and ié concerned with 3-ben;yloxy-z-ethoxyca?bonyi-5~metﬁoxye
@henylacetic acid (XVI). Preparation of (XYI) was cdrf}ed out
by reflg;;ng methyl 2eethoxycarﬁouyl-}-hydrqu-s-methoxyphényl-
acetate (XV) and benzyl chloride in solution in ethyl methyl

ketoney, for 72 hours, with potassium iodide to effect iodine



interchange, and anhydrous potassium carbonate. In an effort

to speed up the reaction, ethyl methyl ketonz was replaced by
higher boiling diethyl ketone as solvent, This behzylation gavse
two products. Ths principle product was 3-benzyloxy-2-ethoxy-
carbonyle5«mnethoxyphenylacetic acid (XVI), the other was an
isoreric erystalline carboxylic acid mo.p., 100-101°, Scompound 1007,
which gave no colouration with aqueous ferric chlorida, The
proparation described in the Experimental section shows & yicld

of 5% of 'compound 100' based on the weight of the starting
metericl, The preparation was, howaver, not reproducible, OF
eight further atteupts tc prepare tha compound uander the same
conditioms, six gave 3-benzyloxy-2-ethoxycarbonyl-5=methoxyphenyl-
acetic acid (XVI) only, one gave & 30% yield of 'compound 100°¢,
and one gaeve & trace, and the balance as 3-benzyloxy-2-ethoxy=.
carbonyl-5-nethoxyphenylacetic acid (XVI). The total amount of
*compound 100' accumulated from the two successful prsparations
wes 1.2 g. With this materiél'a series of experiments was
carried out to determine the strueture of this compound.
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The analyticel data and titration Equivalent showed
‘acmpound 100* tc be isomaeric with 3-benzyloxy-2-ethoxycarbonyle-
~5e-methoxyphenylacetiz acid (XVI) ard ethyl 3-benzyloxy-2~carboxy-
~5=methoxyphenylacetate (XVIIE§e The m.p. of 'compound 100', was
depressed on admixture with (XVI) and (XVIII), and its infrared
spectrum was different from those of (XVI) and {XVIII).

‘Compound 100' showed an infrared band in the carbonyl
regien at 1718 cmc"1 in nujol mull and at 1721 cmu“1 in chlorsform,
On the besis of the assignments which we have made for ths
carbonyl bands of the compounds prepared during this work,
bengoic ester 1727—171? Gmoelin nujol and 1724-1721 cmau’.1 in
chloroform, &and phenylacctic ester 1748«1753 cme-iin nuﬁol and
1742-17%3 em.” in chloroform, the compound contains a benzoic
ester function, 'Compound 100* is thus a benzoic ester, and its
acid furction must exist és a phenylacetic acid. 'Compound 100*
was'unchang@d by the‘alkaliné hydrolysis conditions which norwmally
result in hydrolysis of a phenylacetic ester or in reérrangemén%
cf ethyl 3-benzyloxy~-2-carboxy-5-methoxyphenylacetate (XVIII),
further proof that it was a phenylacetic #cid-benzoic ester,
*Conpound 100' was similarly unaffected by refluxing>with normal
aqueous alcoholic hydrochloric acid. On treatment with
diazomsthane fcompound 100' gave an oily'uncrystallisable meth&l
ester, which had a different infrared spectrum from the methyl

esters of (XVI) and (XVIII)., The methyl cster on mild allaline
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iICorpound 100! ==zt ‘Conmpound 100' Methyl Ester

hydvrolysis returned 'compound 100¢, Debenzylation of
'compound 100' under the usual conditions gave 2-ethoxycarbonyl-
-3-hydroxy- S-methoryphenylacetio acid (X). As was earlier
mentionad, "dstenzylation of 3-henzyloxv=2-athctycurbonyl -5a
-methexyphenylacetic ecid (X?I) 2also gives (X),
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The econditions of the debenzylation wers mild, and drassic
regarvengemsnt of the molecule was not possible. Thus it ezn b=
seen that the substitusntes on the aromatic ring occupy the sanma
positicas relative to each other that they do in (XVI).

In the hope of bringing about ester-acid interchangs
analogous to that of 3-benzyloxy-2~ethpxyc‘arbon'yl-5-methoxyphenyl°
acotic acid (XVI) and ethyl 3-benzjloxy-2—carboxy~5~methoxyphenyl-

acetate (XVIII), 'compound 100' was treated with phosphorus
trichloride in chloroform at room tenperature under the usnal
conditionsi' The product was an uncrysﬁallisable oil. Treatmsnt
of the oil with alkali gave a préduct m.p. 144-146° which vas

identical with (XVI).
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'Compound 100'

Structure of the Acidic Benzyl Ether m.po. 100=101°,

The most obvicus possibility is that ‘compound 100' is
a C-benzyl acid of the type (XXXVI) or its tautomer (XXXVII).
This type of structure is ruled out, however, since ‘compound 100°

gives no coloureticn with ferric chloride. Also;methylation of

CH 4
hf\‘ J CO2E l.::[ﬁ)’ Ic@hz
AL SN C:{&CQ';,C\’ ] SN @HQ@@H
(Xxxv1) (XXXVII)

(XXXVI) with diazomethane would give the methyl ethar diester,
which on alkaline hydrolysis would not return the original acid
(XXXVI) but its methyl ether. Finally, it is unlikely that -
(XXXVI) or (XXXVII) would be debenzylated by the conditions
employed on 'compound 100¢Y, The infrared carbonyl absorption
of 'compound 100' (1721 cmo'l) shows that the benioip ester
function is not intramolecularly, hydrogen bondedﬂ hence thers is
no adjgcent phenolie hydroxyl group. The carbonyl frequency
also rules out (XXXVII) as a possibility, since (XXXVII) would
show 2 band in the region of 1680 cmzl_due to the a,f ketone

21 9¢2
function.



It might be suggesied that ‘compourd 100' is a cyclic
derivotive of 3-benzyloxzy-2-ethoxycarbonyl-5-methoxyphenylacetic
acid (XVI) having structure (XXXVIII). A compound of structure

._5 "\".—‘
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(XXXvIII)

ﬁXRKVIII) vould not, bowever, dissolve in cold aqueous sodium
hydrogen carbonate with effervescence, and woﬁld ring=-opsn under
the hydrolytic conditions from which 'compound 100' was recovered
unchengad.

The possibility taat 'compound 100! 15 a C-benzylatéd acid
has been ruled out. Similarly the pfesence of & lactono ring
has been disproved. The product of debenzylation, and the
conversion of 'cbmpound 100! to 5-benzylogyoé;ethoxycafbonyl-ﬁ—
-mathoxyphenylacetic acid (XVI) have proved that the four
substituents oﬁ the aromatic ring 6ccupy the positiongrelative
to each other that they do in (XVI). We were thus driven to
the idea that !'compound 100' and 3-benzylonyZ-ethoxycarhonyl-
S-methoxyphenylacetic acid (XVI) m.p. 144-146° ars geometrical
isomers of (XVI).

It is well known that rotation of the phenyl rings about



the 1,1' corbonecarbon bond in diphenyls is hindered by the

steric repnlsion of atoms or groups in the ortho-positions of tha

nuclei, thus giving rise to optical activity in these coupounds
57 33 . 58

(for leading references sce Hewman, Fergusen and Pinar ).

This yepulsion 1s at & minimum when the rings are perpeadicular

to gach other, for then the ertho—groxps ers at meximum distance

from each other. Other types of compounds are known to axhibit

;' @O’Wﬁ
t
;J \/:"L.}
(XXX1X) (xL) .
optical iscomerism due to steric hindrance, for example (XIXI1X)
, . £05¢3 948
and (XL). It has also been observed that terphenyl

compeunds c¢an exhibit both geomstrical and optical isomerisam
when suitable substituents ere present to free rotation ebout
the single bonds. Tor example tho following cis- and trans-

, 44
forms (XLI) and (XLII) have been prepared. The two outside

trans (XLII)



ringa are hgld perpendiculzy to the centire ring. Sinc= the
cis- fcré does not possess a plans of symmetiyg optical“activity
is possible. Thus the cis~-form (XLI) has been résolvediQ bui
the tr”ﬁSoisomnr (XLII) is not resolveble since it poosesses
a plane of symmetry.

In the preeent casey, the eromatic ring has thrae adjacant
bulky substituents. Isomerism in whichy, due to reetrlcted
rotation sboul the estor-phenyl single bond, the benzoic ester

group is held in (XLIII) with the ethoxyl group above the plane

(XLIII) (xXL1v)
of the benzenc ring end in (XLIV) with the ethoxyl group below

the plane of the benzene ring, does ﬁot provide an explanation
since (XLIII) and (XLIV) would be optical isomers only, not
geometrical isomers having different physical and chemical
propertiea.

The trans-form (XIV), in which steric crowding is at a
minimum, is an obvious possibility. It péséesses a blana'of
symmet:j in the planse of the 5enzene rings and will be thus
Optically insctive. Fron médels,'the possibility of a cis-
form (XE?I) having the two aromatic rings at an angle to each

other, is also indicated., In the cis-form the groups are

locked in the positions shown, and due to restricted rotation im
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all three groups, cannot rotate freely about the single bonds to
give the trans-form (XLV). The cis-isomer (XLVI) does not have
a plane of symmetry; and a model of a non-superimposible mirror
image has basen made, Optical activity would thus be possible
in the cis-Torm,.

Meny diphenyl coapcunds, the optical activity of which
arise from resiricted rotation, have been racemised by heat
treatmant;?ga Attempts wers mzde to interconvert 3-bensyloxy-2-
ethoxycarbonyl-S-methoxyphenylacetic acid (XVI) and ‘compound 100!

and theiy methyl and ethyl esters by heat treatment for prolonged

periods, but no conversion was obssrved.

trans c

'
@

7




letection of optical ectiviiy in one of the conmpounds
would have constituted reasonable proof of the existencs of &

cis- gnd a trans- isoner, in insufficient guantity of ‘fcenpevnd

-

100! was availadle; howevar, to attsupt resolution. Attempted
raseolution of 5ab9ngyloxy-2-ethoxycarbonyl-S—mefhoxyphenylacetig
acid (XVI) m.p. 144-146° by means of its quinine salt proved it
to be opticelly inactive, Thus, if indeed the trans- and cige
forms of (XVI) do exist, the acid of m.p. 144-146° is the trane-
isomer (XL7V) while 'compound 100! is the cis=- isomer (XILVI),

PThe system in (XVI) is complex, and although (XLVI) is
the more obvious sterically hindered structure; models indicate
that other highly hindered arrangements of the substituents might
be possibleo It has been shown that optical activity may arise
in highig kindered polycyclic aromatic compounds from-bending
of the subsiituents cut of the plane of the rings, 2s well as
frcé deformation of the rings.Qﬁsso In the present case it
is possible that bending of one or more of the substituents out
of the plane of the ring; in one of the possible hindered

arr*hgezen,s'of the substituents may contribute, to give rise

to the second iscmer of (XVI).
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EXPERIIEETAL.

All melting points are uncorrected. Ultraviolet
ebgorption spectra were determined in ethanol solution.
Infrared comparison specirs were determined on Nujol

mulls.

Ethyl 4-Carboxy-2~ethoxycarbonyl-3;5-dihydroxyphenylacetate.

(Diethyl Hydrogen Orcinoltricarboxylate) (ef. Jerdan, J. Chem.

Soc., 1899, 808). - A mixture of ethyl acetonedicarboxylate

(40 g.), ethyl chloroacetate.(lo g.) and magnesium powder (2 g.)
was heated in a flask fitted with a2 short air condenser, at
180~120° (bath tomperature) for 2 hours. Ethyl acetate was given
off. The mixture was cooled to giﬁe a solid greon mass, waich
was shaken for 30 minutes with concentrated hydrochloric acid

{200 c.c.) end chloroform (100 c.c.). | The solid dissolved.

vater (200 c.c.) was added, and the chloroform layer separated
off, The aqueous phase was extracted with chloroform (4 x

100 ¢.c.). The dombine@ chloroform extract was washed with

water, and with 2% aqueous sodium hydrogen carbonate (4 x 200 c.c.)
The combined alkaline extract was acidified with dilute hydro-
chloric acid, when & yellow solid precipitated. The nmixture was
stirred occasionally, and after 30 minutes the solid was filtered
off, washed with a small quantity of iced water, sucked dry and
desiceated. The crude acid was decolourised by refluxing with

charcoal in chloroforn. Crystallisation from benzene-light



petroleum (b.p. 60-80°) gave &thyl 4-carboxy-2;ethoxycarboﬁyl-
-3,5«-dihydroxyphenylacetate {10 g.) as plafes m;p§ 138-140;
(Lit., m.p. 141°).

Infrafed épectrum: in nmujol }) max. 1742, 1692,vand 1645 cmoci,

in chloroform ) max. 1739, 1698 and 1647 cm.'i.

Eth&l 2»Ethoxycarbonv1=},5=dihydroxypheny1acetate. (cfQ

Hogami, Jo_Pharm. Soc. Japan, 1941, 61, 56-59 [C.A. 35, 4764 . -
A mixture of ethyl 4-carboxy~2-ethoxycarbonyl B,S—Gihydroxyphenyla
acetata (B g,), copper powder (2 g.) and quinoline (20 cec,) was
heated for 30 minutes at 190~195° (bgth temperature). The mixturae
wa§ cooleép ether (100 c?co) added and the copper powder filtersd
off, Tge eéhereal solution was ﬁashed witﬁ 2N hydrochloric acid
(4 x 100 é;ée) and waf;f, and dried (N2,50,). Removal of ths
ether géve a dark browA solid which c:ystallised from acotonau |
=light petroleum (b.po 60-80“) to give ethyl 2-ethoxycarbony1 =355
-dihydroxyphen;lacetata (4.5 g.)as needles,n°p° 106-108"°

(1it. m.p. 106 108°)

Infrared spectrum: in nujol ) mnax. 1712, and 1664 cm°1

in chloroform \) max. 1756 and 1661 cm;1

g}h&l 2-Ethogzggrboq1173;Elgroxly5-methoxyphenz}acetateo -

Ethyl 2-ethoxycarbonyl-3,5-dihydroxyphenylacetate (4 g.) in
methanol (10 c.c.) was treated for 5 minutes #1th excess eéhereal

diazonethana. Removal of the solvents gave a gum which wés



extracted with portions of boiling light petroleum (b.p.40-60°).
Reduction of ths combined light pstroleum extract to small bulk

gave ethyl 2-sthoxycarbonyl-3-hydroxy-5-methoxyphenylacetats as

felted needles m.p. 62-64°.
Fourd: C€,59.503 H,6057%
C, 4 H, g OgTequiress C;59.575 H,6.38%.
Light ebsorption: A max. 2200 L(E = 29,500), 2620 A (€ = 13,900)
and 3020 Ea(g = 6,600).
1

Infrared spectrum: in nujol \) max. 1733, and 1653 cm.

A
in chloroform )} max. 1736, and 1661 cm.

2-Ethoxycarbonyl-3~hydroxy-5-methoxyphenylacotic Acid.-

Ethyl 2-cthoxycarbonyl-3-hydroxy~-5-methoxyphenylacetate (200 mg.)
was refluxed for 1 hour with aqueous sodium hydroxide (10 c.c.s
2H). The solution was cooled and acidified (Conge ré:d) with
hydrochloric acid (4,1.15). Crystals slowly seperated from the
solution. After 1 hour the crystals were filtered off, washed
with water and sucked dry. Crystallisation from squeous

methanol gave 2-ethoxycarbonyl-3-hydroxy-5-methoxyphenylacetic

acid (120 mg.) as needles, m.p. 186-188°,
Pound: C,57.12; H,5.76%
CyoH, 40 raquires:t C,56.7y H,5.51%
Light ebsorption: )\ max. 2160 Eo (€ = 29,500), 2600 L(&q 13,450)
and 3030 A, (€ = 6,300).
Infrared spectrum: in nujol)) max. 1700 and 1667 cm:1

in chloroform )/ max. 1718 and 1661 cm:1
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The compound gave a red brown colour with ferrics

chloride solution,

3-Acetoxy-2-ethoxycarbonyl-5-methoxyphenylacetic Acid. -

2-Ethoxycarbonyl=-3-hydroxy-5-methoxyphenylacetic acid (1 g.) was
heated on a stean bath for 1 hour with pyridine (10 c.c.) and
acetic anhydride (10 c.c.). Water (50 c.c.) was added and the
solution warmed for a further 5'minutes, acidified with 2N
hydrochloric acid to pH 1, and extrected with chloroform

(3 x 50 coCo)o The combined chloroform-extract was washed
with water and dried (Nazsok). Evaporation of the chloroform
gave a brown gum which crystallised from benzene-light petroleunm

(b.p. 60-80°) to give 3=acetoxy-2-sthoxycarbonyl-5-methoxyphenyl-

acetic acid (900 mg.) as needles, m.p. 148-150°.
Founds C€,56.703 H,5.21%
C,4H ¢0; Tequires: C,56.76; H,5.41%
Light ebsorption: A\ max. 2130 A, (€ = 20,950) and 2520 4.
(€ - 10,370).
Infrared spectrum: in nujol ) max. 1757, and 1718 cmo'1

in chloroform ) max. 1767, and 1721 cmo'1

Methyl 2-Ethoxycarbonyl-3-hydroxy-5-methoxyphenylacetate. -

A solution of 2-ethoxycarbonyl-}-hydroxy-S-methozyphenylacatio
acid (2 g.) in methanol (40 c.c.) was treated for 5 minutes with
excess ethereal diazomethans. Removal of the solvents gave a

gum which was extracted with portiohs of boiling light petroleum
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(bops 40=60°) On evaporation of the combined light petfol@um
exeract to small bulk, methyl 2-ethoxycarbonyl-3 gxdrox; 5-

-methoxyphenylacetate crystallised as fine needles, m.p. - 68-69°.

Found: C,57.923 H,6.25%
C,3H,40; requires: C,56.23 H,6.02%
Light cbscrption: A max. 2200 A, (€ = 16,400), 2630 4. (€ =
14,000) and 3020 A. (€= 6,900). A»
Infrared spectrum: in nujoll)max, 1759, and 1653 c:mo"1
in chloroform }) max. 1739 and 1658 cmo ™
The compound in ethanoi gave a red~brown colour with aqueous

ferric chloride,

3-Benzyloxy-2-ethoxycarbonvl-5-methoxyphenylacetic Acid. -~

Methyl 2-ethoxycarbonyl-B-hydroxyos-methoxypﬁenylacetate (2.8 g.),
sodium jodidie (2 g.), anhydrous potassium carbonate (2 g.),
benzyl chloride (2.5 c.c.) and methyl ethyl ketone (50 c.c.) weras
refluxed under anhydrous conditions for 72 hours. The solyent
was evapoféted off under reduced pressure, and water (150 cgce)
and ether (150 C.C.) added. The ethereal layer Qaa separated off,
washed with aqueéua 5% sodium hydroxide (3 x 5Q'coc.), water snd
dried (Nﬁzsbé) Removal of the ether gave crﬁde methyl
3-banzyloxy-2-ethoxycarbony1-S-methoxyphenylacetate (3.5 g.) es

a pale ﬁéllow gum, The gum was refluxed for 1 hour with
potaasium hydroxide (8 g.), water (8 c.c,) and ethanol (72 coco)

vater (100 c.c.) was added and the ethanol distilled off under
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reduced pressure, The almost complete solution wzs washed with
chloroferm (50 c.c.) and the aqueous'phase'acidified (Congo red)
with dilute hydrochloric acid. The resulting emulsion was
extracted with chloroform (3 x 50 c.c.) and the combined
chloroform washings extracted with saturated aqueous sodium
hydrogen carbenate (3 x 50 ¢.c.). The combined alkaline extract
was acidified (Congo red) with dilute hydrochloric acid when &
yellow precipitate was obtained. The solid was filtered off,
sucked dry and desiccated. Crystallisation from acetone-light

‘petroleun (b.p. 60-80°% gave 3-benzyloxy-2-ethoxycerbonyl-5-

-methoxyphenylacetic acid (1.9 g., as needles, m.p. 144-146°°

Founds C,66.,503 H,5.69%, equiv., 340.
C,oH,,0; Tequires: C,66.273 H,5.85%, equiv., 344.
Light ebsorption: A mex. 2080 A. (& = 46,700 and 2840 A.
(€ = 3,400).
Infrared spectrum: in Nujoly max. 1724 and 1681 cmaw1

o1
in chloroform VY max. 1724 cm.

Action of Alkali on B-Benlequ;Z-éthoiycarbon1135amethoxxn

phenylacetic Acid.,- 5~Benzyloxy-2—éthoxycarbonyl-S-methoxy-

phenylacetic acid (140 mg.) was refluxed for 24 hours with 30%
aqueous potassium hydroxide (10 c.c.). The solution was cooled,
ice was added and the solution acidified (Congo red) with dilute
- hydrochloric acid. After 1 hour the white solid was filtered
off, washed with water, and sucked dry. Crystallisation from

acetone~light petroleum {b.p. 63-89°) gave ncedles (110 mgx.) of
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m.p, and mixed m.p. with the starting maeterial 143~145°.
Comparison of the infrared spectra in 'ujol also showed thse
naterial to be 5-benzyloxy«2wethoxycarbony1-Semethoxyphenylacetic

acid.,

Methyl 3-Benzylo§ge2-ethoxycarbonyl;S-methogzphenylacetateo =
3-Benzy10xy-2-ethoxycafbonyl-5-@ethoxyphen&lagetic aqid (100 mg.)
in methénol (5 e.c.) was treated for 1 hour with excess ethereal
diazométﬁane, Rembvél of the solvents gave a gum which was
extracted with portions of boiling light petroleum (bep. 40-60°).
Reduction of the combined light petroleum extract to sﬁall volune

gave.ﬂgEQXi.5mbenzvloxxyZ-ethozycarbonyl-Saﬁéthoxyphenylécetate as

felted negdles, m.Po 39.5-41°.
Found: C,66.75; H,5.81%
Coolpp 0; requires: C,67.02y H,6.19%
Light absorption: A\ mex. 2100 A (€ = 34,800), 2500 L(Ez 6900)
and 2860 Ao (€ =’1,5oo).
Infrared spectrum: in Nujol))max 1748 and 1715 c:m.,'“1

-l
in chloroform )) max. 1736 cm.

Hydrolysis of Methyl 5~Benzylo§z:2-éfhoxycarboqzifs;

-dethbijgﬁeqylacetate‘to give 5-Benzz}o;ng-é%hoxzcarboqzéfSa

métho§lgpeﬁylaeetic Acid. - Methyl 3-benzyioxy-2=ethoxycarbonyl-
-5-mefh§$¥?heny1acetate (100 ag.) was reflu;éé for 1 h¢u§‘with

methanol'(l9 C.Co )y potassium hydroxi&e (lué;) and water (1 c.c.).
Wgtér (20 CoCo) was added and methanol distilled off under reduced

prassure.  The solution was cooled, acidified (Congo red) with
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dilute hydroshloric ecid and the white precipitate filtered off
and sucked dry. Crystaliiéation of the solid from acetone-light
petroleur (b.ps 60086“) gave 3=benzyloxy=2wethoxfcarbon31=§~
-nethoxyphenylacctic acid as needles m.p, and mized m.p. with

en avthentic apecimen of the acid 144~146°. Conmparison of the

infrared spscitra of the two samples proved them identical.

Uydrogenolysis of 3-Benzyloxy-2-ethoxycarbonyl-S-methoxy-

phenylacetic Lcid. - A solution of 3-benzyloxy-2-ethoxycarbonyl-

-5-methoxyphanylacetic acid (190 mg.) in dry ethyl acetate
(50 c.c.) was shaken for 6 hours with hydrogen at atmospheris
pressurs in the presence of palladised charcoal (200 mg., 2%
PaCl, on charcoal) and magnesium oxide (100 mg.). The solids
wera filtered off, and the filtrate rejected. The solids were
stirrecd with dilute hydrochlbric acid (10 c.C.)yand the mixture
extracted with chloreform (3 x 50 c.G.), The combined chloroform
axtract was washed with water and saturated aqueous sodium
hydrogen carbonato (3 x 20 c.c.). The combined alkaline
extract was acidified (Congo red) with dilute hydrochleric acid.
The crysfals which separafed on standing overnight were filtered
off, washed with water and suckeﬂ-dry, ﬁecrystgllisation~from
aqueous pcthancl gave.2=ethoxycarbonyl-3~ﬁyd£dxy-5-methoxypheny1=
acetic acid (90 Qgc) as needles m.p., 186-188°, The compound
did not depress the M.Po whén mixéd with an authentic sample.

The infrared spectra of the two semples were identical.
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Ethyl 3-Benzyloxy-2-carboxy=-5-methoxyphenylacetate. - (&)

S-Benzyloxj-Q-ethoxycarbonyl-5~methoxyphenylacetic acid (1.2 g.)
was suspended in a solution of phosphorus trichloride (850 mg.)
and dry redistilled chloroform (230 c.c.) contained in a flask
fitted with a calcium chloride tube. The nixture was shaken until

the acid dissolved (30 minutes) and allowed to stand at room
temperature for 24 hours. The chloroform was evaporeted off
undér reduced pressure at room temperature. Benzéne (100 c.c.)
vas added, and it also was evaporated undér reduced pressure at
room temperaturs to yield a pale yellow gum. The gum crystallised
from benzene-light petroleum (b.p. 60-80°) to give ethyl

3-benzyloxy-2-carboxy-5~methoxyphenylacetate (920 mg.) as

needles, mo.po 116-117.5°%.
Found: C,66.433 H,6.05%3 equiv., 341

C, oH, 05 Tequires: C,66.273 Hy5.85%; equiv., 344.
Light absorption: A\ mex. 2100 A. (& = 33,900), 2580 3, (E = 6,000)
and 2860 A. (€ = 3,300). |
Infrared spectrum: in Nujol’)) max. 1736 and 1684 cmo.l, and

in chloroform ) max. 1736 cn:.."1 °

(v) A solution of }-benzyloxj-?»ethoxycarbonyl-s-methoxyphanylw
acetic acid (200 mg.) in thionyl chloride (2 c.c.) was refluxed
for 10 minutes in a watgf bath at 85°, Excess thionyl chloride
waa removed by evaporation under reduced pressure at 40°.
Benzene (10 c.c.) was added, ana it also was evaporated off

under reduced pressure at 40° to give en orange gum.



Crystallisation of the gum from benzene-light petroleum (b.p.
60-80°) gave ethyl 3-benzyloxy-2-carboxy-5+methoxyphenylacetats
(110 mz) m.p. 116-117°. The compound did not depress the m.p.
of the acid prepared in (a) above. The infrared spectra of the
two samples were identical.
Found: C,66.423 H,6.03%
C,9H,,0; requires: C,66.273 H,5.85%.

(e) 3-Bengzyloxy=~2-ethoxycarbonyl-5-methoxyphenylacetic acid
(500 mg.) was dissolved in a saturated solution of dry hydrogesn
chloride in dry redistilled chloroform (150 c.c.), and the
solution warmed for 4 hours at 40°. The chloroform wes
evaporated under reduced pressure at room temperaturs. Benzenz
(50 c.c.) was added and it also was evaporated off at room
temparature under reduced pressure to give & colourless gum.
Fractional crystallisation of the gum from benzene-light
petroleum (b.p. 60-80°) gave ethyl B-bénzyloxy-z—carboxy-ﬁ-
-nethoxyphenylacetate (110 mg.) m.p. 116-117° and 3=benzyloxy-2-
-ethoxycarbonyl=5-methoxyphenylacetic acid (220 mg.), mo.po
144-146°. The identity of the products was confirmed by mixed
m.p. with the suthentic specimens, and by comparison of the
infrared spectra. |

3-§enzyloxy-2-ethoxycarbony1-5-methoxyphenylacetic acid
was recovered unchanged after similar treatment with hydrogsn

chloride in alcohols and aqueous alcohols.
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The Action of Alkali on Ethyl 3-Benzyloxy-2-carboxy-5-

methoxyphenylacetate. - (a) Ethyl 3-benszyloxy-2-carboxy-5-

-methoxyphenylacetate (200 mg.) was refluxed for 1 hour with 5%
aqueous sodium hydroxide (20 CoCo)o The solution was cooled,
acidified (Congo red) with dilute hydrochloric acid, and the
resulting solid filtered off and sucked dry. Crystallisation
from acetone-light petroleum (b.p. 60~-80°) gave 3-benzyloxy-2-
=gthoxycarbonyl-5-nethoxyphenylacetic acid (140 mg.) as needles,
B.po 144-146°. The compound did not depress the m.p. when mixed
with an authentic sample of the acid, m.p. 144-146°, The
infrared spectra of both samples were identical.
(v) Ethyl 3-benzyloxy-2-carboxy-5-methoxyphenylacetate (250 mg.)
was refluxed for 1 hour with potassium hydroxide (1 g.), water
(1 ¢.c.) and methanol (19 c.c.). The solution was cooled,
acidified (Congo red) with dilute hydrochloric acid and extracted
with ether (3 x 20 c.c.). The ether extract was washed with
water and dried (Na,50,). Crystallisation from acetone-light
petroleun (b.p. 60-80°) gave 3-benzyloxy-2-ethoxycarbonyl-5-
-nethoxyphenylacetic acid (145 mg.) as needles, m.p. 143-145°
and mixed m.p. with an authentic specimen, m.p. 143-145°. The
infrared spectra of both specimens were identical.

The same product was obtained on“h&drolysis of the

compound with aqueous ethanolic potassium hydroxide.



(c) Ethyl 3~benzylox&;2ocarboxyoSumethoxyphenylacatate (20 mg)
wes3 shaken with cold aquecus sodium hydroxide (20 coco W 100).
The acid slowly dissolved and the solution was allowed to stand
et room tempesrature for 1 hour. The solution was acidified
(Congo red) with dilute hydrochloric acid, and the precipitats
filtersd off aﬁd sucked dry. Crystallisation from benzene=light
potroleunr (bop. 60-80°) returned ethyl 3-benzyloxy-2-carboxy-~5-
~nethoxyphenylacetate as needles m.p. 115-117° and mixed m.p.
with an esuthsnivic specimen of this acid, 115-117°. Comparison

of their infraved spectrc proved them identical.

Ethyl 3-Benzyloxy-2-methoxycarbonyl-5-methoxyphenylacetats, -

Ethyl BQbenzyloxyn2-carboxy-5emethoxypheny1acetate (100nmgo)

in methznol (5 co.co.) was treated for 1 hour with excessrethereal
diazomethane. TEvaporation of the solvents gave & gum vhich wes
extracted with portions of beiling light petroleum (b.p. 40-60°).
The combined extract was concentrated and the cfystalline solid
which slowly separatedeas further recrystallised from light
petroleum (b.p. 40-60°) to give 23_1__3~benleoxz-2-meth0x14
carbongl 5=methoxypheny1acetate as felted needles, m.p. 74-75'

Founds C,66.84; H, 6.28%
020112206 rgquirea: 0,67002' 3’60_19%o
Light absorption: A\ max. 2100 A. (& = 35,500), 2500 E. (€ = 6,500)
" and 2860 A. (€ = 3400).
-1
Infrarsd spectrum: in Nujol)) max. 1736 and 1712 cm.

1
in chloroform )) max. 1733 cm. -



gﬁgg;_3-Benzyloxyaz-ethoxycarbonyl-s-methoxyphenyl&cgtate.n
(a) Ethyl 3-bengzyloxy=-2-carboxy-5-methoxyphenylacetate (lOO ne. )
in methanol (4 c.c.) was treated for 1 hour with excess ethercal
diagoethane. Evaporation of the solvents gave & colourless
gum which did not solidify.
Infrered spactrum: }) max. in Nujol 1733 cmo.1
(o) B-Benzquxy-Z-ethoxycarhonyl—Swméthoxyphenylacetic acid
(100 ng.) in methanol (4 c.c.) was treated for 1 hour with
diazoethane &3 described in (a) above. The mroduct was a
colourless gum which did not solidify. The infrared spectrua
of the gum wos identicel with that éf the eé@er prepared in (&)

ebove,

Hydrolysis of Ethyl 3-Benzyloxy-2~-ethoxycarbonyl-5-

-nethoxyphenylacetate to 3-Benzyloxy-2-ethoxycarbonyl-5-methoxy=-

phenylacetic Acid. - Ethyl 5-benzy10xy-2-ethoxycarbonyl-Sf

-methoxyphenylacetate (50 mg.), from prepzration (a) abave,
was refluxed for 1 hour with methanol (9.5 ¢oc.), potassium
hydroxide (0.5 g.) and water (0.5 ¢.c.) end worked up in the
usual way. Crystallisation of the solid product from acetone-
~light petroleum (b.p. 60-80°) gave 5-benzyloxy-2-ethoxycarbonyle
-Svmgthoxyphénylacetic acid as needles m.p. and mixed m.p. with
an authanﬁic specimen of tﬁe écid, 144-146°. The infrared
spectrs of the two samples were identical.

The same product was obtained by similer hydrolysis of

the ester prepared in (b) above.
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Ethyl 2-Carboxy-3-hydroxy-5-methoxyphenylacetate. -

Lthyl 3-bensyloxy-2-cerboxy-5-rmethoxyphenylacstate (250 mge) in
dry redistilled othyl acetate (70 c.c.) was shaken for 6 hours
with hydrogen et atmospheric¢ pressure in the presence of
palladised charcosl (250 mg., 24% PaCl, on charcoal) and
magnesiuin oxide (100 mg.). The solids were filtered off, and
the filtrate rejected. The solids wers stirred with dilute
hydrochloric scid (10 c.c.) end the mixture extracted with
chloroform (3 £ 50 coc.)s The combined chloroform extrasct was
washed with water and with saturated equeous sodium hydrogen
carbonnte (3 x 20 c.c.). The combined alkaline extxact was
acidified (Congo red) with dilute hydrochloric acid. The
crystalline precipltate wes filtered off, washed with weter

and sucked dry. Recrystallisation from benzene-light
petroleum (bv.p. 60-80°) gave ethyl 2-carboxy=3~hydroxy-5-

-methoxyphenylacetete (140 mg.) as needles, m,p.119-~120°.

. Found: C;,57.105 Hy5.79%
C,p H, (0g Tequires: C,56.693 H,5.55%
Light absorption: Amax 2140 A. (€ = 25,400), 2600 4 (€ = 11,300)
and 3020 L. (£ = 5,700), ‘
Infrared spectrum: 4n Nujol ) max. 1736 cm.'i,
in chloroform ) max. 1736 and 1656 cm.'1

The compound in ethanol gives & red~browm colour with

aqueous ferric cehloride,



=Ethoxgcarbonxl-3fgxdroxyoS-methoxypheqylacetic Acid

from E Il 2-Carboxy=-3-hydroxy~-5-methoxyphenylacetate. - Ethyl

2-carboxy=-3~hydroxy~5-methoxyphdnylacetate (50 mg.) in meihanql
(5 coc;) was treated for 5 minutes with excess ethereal
diazcethéneo Removel of the solvents gave a gum which
crystallised from light petroleum (b.p. 40-60°) to give othyl
2wethoxy¢arbonyl=§-hydroxy«S»methoxyphenylacatate as felted
necdlaes zn'ap° and mixed m.p. 61=-64° with an authentic sample of
the compound. Tha infrafed spectre of the two sanples were
identiecsl,
The ethyl 2-ethoxycarbonyl-3-hydroxy-5-methoxyphenyl-

ncetate (25 mg.) thus obtained was refluxed.for 1 hour‘with

5% aqueous methanolic potassium hydroxide (5 c.c.) cnd ths
product worked up in the ususl manner. Crystallisation of the
solid frém aqueous methanol gave 2-ethoxycarbonyl-j-hydroxy-5-
methoxyphenylacetic acid as needles, m.p. and mixzed moﬁo 185-187°¢
with an authentic sample of the acid. The infrared spectra of

the two samples were identical.

Action of Alkall on Ethyl 2-Carbo§x-5-hxd gx-s-methogg

pheql;acetate to give 2-Etho;ycarboqz_:i-hxdrogx S-methoxvphenvl-

acetic Acid. - Ethyl 2-earboxy-3~hydroxy-5-methoxyphenylacetata
(50 mg. ) was refluxed with 10% agueous potassium hydroxide

(5 coco) gq: 2 hours, The cooled solution was acidified



(Congo red) with dilute hydrochlorie acid. The crystelline
precipitatc which slevwly separzted wes f£iltered off, cucked
dry and crystallised from aequeous methanol to give 2-ethoxy-
carvonyl-3-hydroxy~5-methoxyphenylacetic acid as needles, m.ps
ond mixed m.p. with ca cuthentic apecimza of the aeid 185-187°.

Tas tvo samvples had identical infrarad spectra.

Action of Phosphorus Trichloride on Q-EthoxycarbonylnB-

~hrdrozy-5~-mz2thoxyphenyloestie Acid. -~ 2-Ethoxycarbonyl-j<hydrozy-

-5-methoxyrhonylacetic acid (100 mg.) was suspended in a solution
contnining phosphorus trichloride (240 mg.) end dry redistilled
chlcroforn (50 coco). Thz nirxture was shaken until the ecid
¢issolved, and the solution mllowed to stand at room temperature
for 24 hours. Tho chloroform was evaporated off under reduced
precours at roco toaperature. Bencons (10 c.c.) was added, auld
it also twias evaporated off under reduced pressure at room
temporaturs to yisld a white solid, The solid waa erystalliscd
froa agcotone=light petroleum b.p. 60-80° az needles, m.p. and
nixed m.p, with an authentic sample of 2-e¢thoxycarbonyl-3-hydroxy-5-
-zethoxyphenylecotic ecid 102-184°. The infrared spectra of
the two samples were identical.
2-Ethoxycarbonyl-3-hydroxy-5-methoxyphenylacetic acid on
trcatcont with dry hydrogen chlorids in dry redistilled
chlorcform, 8s described for 3-benzyloxy-2-ethoxycarbonyl-5-

nsthoxyphenylecoatic acid, returned the starting material unchenged.



WJ.Z)

Synthesis of Ethyl 3-Benzyloxy-2-methoxycarbonyl-5~methoxy-

phenylesstete.,

jethyl 4-Cerboxy-3,5-dthydroxy~2-methoxycarbonylphenyl-~

acetate. » A mixturc of mathyl ncetons dieafboxylate (50 g.),
ethyl chlorcacetate (12.5 g.) and magnesium powder (205 g.) wea
heated in & flask fitted with a short¢ air condenser at 180-190°
(both tcoporaturs) for 2 hours. lagnesiun powder (500 mz.)
was addei end haatiﬁg continued for a further 5 minutes. Tho
cooled mizture was shaken with chloroform (100 c.c.) and
concentrated hydrochloric acid (100 ¢.c.) until the solid had
dissolved. The chloroform layer was separated, washed with
water and extracted with saturated aqueous sodium hydrogean
carbonate (3 x iOO G6.Co)e The combined algaline extract was
acidified (Congo red) with dilute hydrochloriq acid and allowsd
to stand overnight. The yellow pie#ipitate was filtered off,
washed with a 1littls iged natez>sucked dry and desiccated.

Cxystallisation of the solid from benzene (charcoal) gave methyl

A-carboxy-3,5-dihydroxy-2-methoxycarbonylphenylacatate (12.75 g.)
&8 platee, e Pe 152"’154.0

Found: C,51.023 H,4.53%
C,oE, ;05 Tequires : C,50.71; H,4.26%
Light sbsorptions A\ max. 2240 A. (& = 21,800), 2380 A. (& = 17,100)

and 3200 L (€ = 5,500).
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Infrared spectrum: in FujolY max. 1742 ard 1692 cm.
i
in c¢hlorsforn )\ max. 1742, 1697, and 1655 ca. .
The compound in ethanol gave a red-brown colouration

with agueoua ferric ehlorido,

Hethyl 5,5-Dihydroxy~2-methoxycarbonyliphenylacetate. -~

A mixture of methyl 4-carboxy-3,5-dihydrozy-2-methoxycarbonyl-
phenylecetats (4 g.), quinoline (2 ¢.c.), copper powder (1 g.)
and carborundum chips was heated for 40 minutes at 175-185°
(tath temporzture). To the cooled mizture was sdded chloroform
(100 c.c.) and ths solids filtered off. The chloroform extract
was washed with dilute hydrochloric acid (3 x 100 c.c.),
saturated oquoous sodium hydrogen carbonats (3 x 50 c.c.), watser
and dried (¥a,S0;). Removal of the solvent gére a brown gua
which erystallised from benzene-light petroleum'(bopo 60-80°)

to zive mathxi 3+5-dihydroxy-2-mathoxycarbonylphenylacetate

(900 =g.) 28 poedles, m.p. 148-150°.
Founds C,54.95s H,5.30%

C,4H 0 requires: C,54.993 H,5.04%.
Light absorpiion:A max. 2160 A (e .'20;300), 2650 4. (€ = 20,900)
and 3040 A. (€ = 6,100).
Infrzred spectrum: in Nujol ) max. 1706 and 1653 cm."

in chlorc;fom YV e2x. 1736 and 1667 cm.'i.

The compouriin ethanol gave & red-brown colour with

aqueous ferric chloride.



Uethyl jeBydroxy-Senethozy-2-methoxycarbonylphenviscstata, -

A solution of methyl 35,5-dihydrox y°2-m°thOKJCmeonvlph“ﬂjj etate
{100 mg.) im nathoaol (2 Ce.C.) was treatad for 5 minutcs with
srescs stheweonl diazomethune, Removal of the solvents gave &
gun whizh ves cxtzostcd with portions of Eoiliﬂg light petroleun
(bop9 40-60°), On cencentration of the combinsd petroleun

sxtront erystole coparzatel clewlye. Recrystallicasion Trom

light potroleum (L.p. 40-C0°) gove nethyl 3-hydrory-5-nathorr-

«2-pathoxyoarbonylphenvlacoiata as felted needlea, m.p. 75=77°.

Founds C,57.055 1I,5.89/%
;5 40; roquirss: 0,560,693 H,5.555%
Light aboorpticn: A maxz 2200 A (& = 14,600), 2630 Eo (E » 12,700)
gnd 3010 2o (E = 6,000).
Infrored cpsetrumr  in InjolV max. 1739 aud 1661 cmc,"1
in ohloroefox= V) max. 1739 cad 1667 cz:w.o“1
The compound in ethanol gave & red-brown colour with

aquaous forriec chlorids.

3=3enavlcxyeS-ng thox1g2~neuhoxycarb ylphenylanétic Acid, -

Hethyl 3-hydroxy~5omethoxyqznmethoxycarbonylphenylacetate (400 ng. ),
anhydrous potassiva carbonato (400 mg.), sodium iodido (400 mg.),
ethyl mothyl ketone (10 c.c.) &rnd benzyl chloride (0,55 c¢.c.)

wero r@fluxed.fogaﬁher for 72 hours. Tﬁe éolvent was evaporated
off upder reduccd pressurs and ether {20 c.c.) and water (20 c.c.)
addad, The ether layer was separated off, washed with-wéter,

5% aguaous sodium hydroxide (3 x 20 c.c.) anud water, and dried



(fe,50,). Removal of the ether gava methyl 3-benzyloxy-5-
-mathoxy-2-nathexycarbonylphenylacetate as & clear oil (500 mg.).
The oil was rofluxed for 2 hours with methanol (18 c.c.),
potessivm kydroxide (2 g.) end water (2 c.c.). VWater (20 c.c.)
was added and methanol distilled off under reduced pressure.
The cooled solution was acidified (Congo ved) with dilute
hydrochloric acid,.and the resulting emulsion extracted with
ether (3 = 20 c.co). The combined ether extract was washed with
&queons sodium hydrogen carbonate (3 x 20 ¢.c.) and the alkalino
extract scidified (Congo red) with dilute hydrochleric acid.
Ths solid wao filtered off, washed with water and sucked dry.
Crystallisation from acetone~light petroleum (b.p., 60-80°) gave
3-benzyloxy-5-msthoxy~-2-nethoxycarbonylphenylacetic acid (280 ng.)
£3 nsedles, m.p. 147+149°.
Found: C,65.24y H,5.31%

C, gH, g0 requires: C,65.45; H,5.48%.
Light abcorptions Amax. 2120 A. (& = 35,700), 2480 Ao (€ = 6,400)
and 2850 4. (£ = 3,400).
Infrarad speétrum: in Fujol V mox, 1727 cm.’1

in chloroforz V) max, 1724 :':m»"1

Ethyl 3-Benzyloxy-5-methoxy-2-methoxycarbonylphenylacetate

£rom j-Renzyloxy-5-rmethoxy-2-mathoxycarbonylphenylacetie Acid° -

3—Bﬁnzylozg—s-mathoiy-z-mothoxycarbonylphenylacetic acid (100 mz.)
in methanol (2 c.c.) was trecated for 1 hour with excess ethersal

diezosthanse, Renoval of the colveat gave & gum which wes



oxtracted with portions of light petroleum (b;po 60-80°)., On
concehtr&ﬁion of the comﬁined extract, crystaia slowly séparatede
Repeated recrystallisation from iight petroleuvnm (bopo_40-60°)
gave ethyl 3-benzyloxy-5-methory-2-nethoxycarbonylrhenylacaetate
88 felteé'heedzes, m.p. 71-73%, This compound hed m.p. 71-74°
on pdnizture with ethyl 3~benzyloxya5-methcxyo2-methozycéfbonyla
phenyleacetats, m.p. T4~T75° prepared by hethylation of etﬁyl
3-ben3yldxy-2ocarboxjus-methoxyphenylacetat@o The infrered

apectra of the two nemples wers identical.

Rydrolysis of Ethyl 3-Benzyloxy-2-methoxycarbonyl-5-

rmethoxyphenylecetaie to 3-Lenzyloxy=-5~methoxy-2-methoxycarbonyl-

phenyigéetic Acid. - Ethyl 3-benzyloxy-2-methoxycarbonyl-5-

~methoxyphenylacetate (50 mg.) obtained by methyletion of ethyl
3-benzyloxy-2=carboxy-5§methoxyphenylacetate; wéé refluxed for

1 hour with methanol (19 c.c.), potassium hydroxide (1 g.) and
éater (s, c.Co). Water (20 c.c.) was added and methanoi distiiled
off, Tﬁé cooled solution was.acidified {(Congo red) with dilute
hydrochloric cecid, the white precipitate filtered off, washed
with water and sucked dry. Crystallisation of the white solid
from acetone~light petroleun gave 3-becnzyloxy-5-methoxy-2-
~methéxygarbonylphenylaéetib acid as clusters of needles,'mapg
149-150°. . ‘The substance had m.p. 147-150° o@ admixtura:vith'.
an autﬁaptic speeimen, m.p. 147-149°. The infrared spectia of

both sanples were identicel.



Tha Anbyvdride of Ethyl 3-Benzyloxy-2-carboxy-5-nethoxy-

phenylacetetn, - A solution of B-benzyloxy-2-ethoxycarbonylé

-5-netheryphenylacetic scid (400 mg.) in phosphorus trichloride
(300 mg.) and dzy redistilled chloroform (12 c.c.) was refluxcd
for 20 minutes in & water bath at F0°. The chloroform selution.
was éaaanteélfrbm the scum of ﬁhoéphorous acid. The chloroform
was removed under rcduced pressurs at room temperafure, bonzona
(50 G.C.) was added and it also was removed under reduced pressure
at room temparature to give a yellow gum. Crystellisation of

the gun fronm benzene-light patroleun (b.po 50-80°) gave the

enhvdride of sthyl 3-benzyloxy-2-carboxy-5-methoxyphenylacatato

(220 mg.) @3 yellow plates m.p. 170-173°, After two days the

n.p. of the same semple hed droppod to 155-162°,

Found: mean C,67.29; H,5.26% H.W. (Rast) 610
C3oH; 0, Tequires: C,68.08; H,5.67% M.W. 671.
Light abso‘rption: )\ max. 2100 A. (€ = 60,200), 2670 A. (E = 27,400)
and inflexion at 3040 A. (£ = 5,000).
Infrared spectruh: in Nujoi\) msx. 1789, 1751, 1099, and
inflexion at 1730 cmzi,
| in chlorofora }) max. 1796, 1750, 1097 and inflexion
ét 1730 en. ™. |
The compound did not dissolve in cold aqueous sodium
hydrogen carvonate, nor in cold 5%-aqﬁ@ous sodium hydroxids.
The anhydrids was also prépared by similar treatméntuof

ethyl 3-bensyloxy=-2-carboxy-5-nethoxyphenylacotate with phosphorus



trichioride im dry chleroform.

Hydrolysis of the Anhydride of Ethyl 3~benzyloxy=-2-

-carhoxy-5-methoxyohenylacetate to 3-Benzyloxy-2-ethoxycarbonyl-

-S~methoxyphenylacetic Acid, ~ The anhydride of ethyl 3-

benzyloxy-Z-carbonyS~methqupheny1acetate (100 mg.) wes
refluxed for 1 hour with potassium hydroxide (500 mg.),
methanol (9 c.c.) and water (1 c.c.)s The yellow colour
rapidly disappeared., Water (20 c.c.) was zdded and mecthanol
was distilled off under reduced pressure. Acidification

of the cooled solution with dilute hydrochloric acid gave a
precipitate, which was filtered off, sucked dry and crystallised
from acetone-light petroleum (b.p. 60-80°) to give 3-benzyloxy-
-2-ethoxyc&rbonyl~5amethoxyphenylaéetic acid (72 mg.) as
needles, m.p. 144~146°, The compound did not depress the

@W.Ppo When mixed with an authentic specimen of the acid. The

infrared spectra of both samples were identical.

Preparation of the Compound m.p. 100". - Metiyl 2-ethoxy-

carbonyl-3~hydroxy=-5-methoxyphenylacetate (2.7 .}, sodium iodids
(2 g.); anbydrous potassiuzm carbonate (2 g.), bénZyl.chloride

(2.5 e.c.) and diethyl ketone (25 c¢.c.) were refluxed under
anhydrous conditions for 72 hours. The solvent was evaporated off
under reduced pressure and water (150 c.c.) and ether (150 c.c.)

added. The ether layer was separated off, washed with aguecue
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57 sadium:hydroxide (3 = 50 co.c.), water and dried (Na,50,).
Removal of the ether gave a gum which was refluxed for 1 hour
with potassium hydroxide (6 g.), water (8 c.c.) and ethanol
(72 e.c.). Water was edded, ethanol distilled off under
reduced pressure, and the almost complete solution washed with
chloroform (50 c¢.c¢.). The agueous phase was acidified (Congo
red) with dilute hydrochleric acid, the resulting emulsion
extracted with chloroform (5 x 50 c.c.) and the combined
chloroform washings extracted with saturated squeous sodium
hydrogen carbonate (3 x 50 c.c¢.)o The combined alkaline extract
vas acidified (Congo red) with hydrochloric acid and the result-
ing yellow precipitate filtered off, washed with water, sﬁckéd'

dry and desiccgted. ¥Fractional cfystalliéétion from acetone-
~light petroleun (b.p. 60-80°) gave erop I (220 mg.) as needles
mopo 100-101°, and crop II (900 mg.) as needles mo.po 142-144°.

The materigi ffom crop II, on edmixture with 3-benzyloxy-
f2-ethoxycarbonylfﬁomethoxyphenylacetic acid m.p. 144-146°,
had m.p. 142-145°. ' The infrared spectra of the two samples
vere identical. Crop II is therefore 3-benzyloxy-2~¢thoxy-
carbonyl~5-methoxyphenylacetic acid.

The material from Crop I on admixture with 3-begéy101y-

-2-ethoxycarbonyl-5-methoxyphenylacetic acid had RePo 89-95%,

.
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Found: C€,66,61; H,6.01%; equiv., 339,
Coollp 0 Toquiress C,67.02; 11,6.19% equiv., 344.
Light e.bsorptiom-}s max, 2120 Zo (€ = 31,800), 2480 2. (E = 6,200)
and 2860 2. (& = 3,200)
Infrared spzctrum: in Nujol ™) max. 1727 cm.-l9
in chloroform J max. 1727 cm.

The compecund in ethenol gave no colour with aqueous
ferric chloride. The .ompound dissolved with effervescence in
cold equeous sodium hydrogen carbonate.

The methyl coster was made bty treatment of the cempound in
methanol for 1 hour with excess ethereal diazomethane. Removal
of.the solvents gave an oil, which did not crystallise.

: -3
Infrared spectrum: in Nujol) max. 1727 cm. .

Action of Alkali gg_Compoﬁnd m-Po 100=-101°, - The compound
moPo 1C0-101° (50 mg.) was refluxed for 2 héu;s with 10% aqueous
potassium hydroxide, The cooled solution was acidified and the
crystals which slowly separated were filtefed off, washed with_
water and sucked dry. Recrystallisation from acetone~light
petroleum (b.p. 60-80°) returned ths starting material as needles
D.p. and mixed m.po 99-101°, Thé infrared spectra of the two

samples were identical.

Action of Acid on Compound m.p. 100-101°., ~ The compound

m.p, 100-101° (50 ng.) was refluxed for 1 hour with concentrated



hydrochloric acid (0.5 coc.) and methanol (7 ce.c.). Vliater

(10 c.c.) was added and the emulsion extracted with chloroform

(3 = 5 ¢coco). . The combined chloroform extract was washed ﬁith
water, and éaturated aqueous sodium hydrogen égrbonate (3'x'

§ €aCo)e The combined alkaline extract was acidified (Congo
red) with dilute hydrochloric. The reculting vhite preecipitate
was filtered off, washed with water and sucked dry. Recrystall-
isation from acetone-light petroleum (b.p. 60-80°) returned the
starting material as needlesfm@pa and ﬁixed m.p. 98-100°, The

infrared spectra of the two samples were identical.

Hydrolysis of the HMethyl Ester of thc Compoundm,p.100-101°

to zive the Compound m.p. 100-101°. ~ The oily methyl ester

of the compound m.p. 100-101° (56 mg,) was refluxéd for 1 hour
with 5% esqueous ethanolic potassium hydroxide (10 c.c.). Water
(10 c.c.) was edded and ethanol'distilied of under reduced
pressure, The solution was acidified (Congo red) with dilute.
hydrochloric acid, the solid precipitate filtered off, washed
with water and sucked dry. Crystallisatioh'from écetoné-liéht
petroleun (b.p. 60-80°) gave the compound m.p. 100-101° as needles
of m.p, end mixed m.p. 98-100°. The infrared spectfa of the

two specimens were identical.

Hydrogenolysis of the Compound m.p. 100-101° to 2-Ethoxy-

carbonyl-3-hydroxy-5-methoxyphenylacetic Aeid. - A solutjon of
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the compound of m.p. 100-101° (150 mg.) in dry ethyl acetate

{50 c.c,) was shaken Tor 6 hours with hydrogen at atmospheric
pressuras in the presencé of palladised charcoal (250 mga, 2&%
PiCl,on charcoal) and magnegium oxide (100 mg.). The solids were
filterod off and the filtrate rejected. The solids weré stirred
with dilute hydrochloric acid (10 c.c.) and the mixtﬁie extracted
with chloroforn {3 x 50 c.c.). The combined chloroform extract
wes washed with water and with saturated agueous sodium hydrogen
carbonate (3 x 20 c.c.). The combined alkaline extract was
acidified (Congo red) with dilute hydrochloric acid. The
cyystalline precipitate which slowly separated was filtered off,
washed With water and sucked dry. Recrystallisation {rom
aqueous methanol gave 2~-e¢thoxycarbonyl-3-~-hydroxy-S-methoxy-~
phenylacetic acid as needles (70 mg.) m.p. 186-188°, and mixed
m.p. 186-188° with an authentic specimen. The infrared spectra

of both samples were identical.

Conversion of the Compound m.p. 100-101¢ to 3-Benzyloxy-

-2-ethoxycaxbonyl-5-methoxyphenylacetic Acid. - To a solution of

the compound m.po 100-~101° (200 mg.) in dry chloroform (40 c.c.)
was added phosphorus trichloride (140 mg.). The solution was
left at room temperature for 24 hours. The chloroform wés
evaporatsd off under reduced pressure at room temperature.

Benzene {20 c.c.) was added, and it was similarly removed at
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room temperature to give & pale yellow uncrystallisable oil.

The 0il (210 mg.) was refluxed for 1 hour with methanol
(19 c.c. ), potassium hydrozide (1 g.) and water (1 c.c.).
Water (20 ¢.c.) wes added and methanol distilled off under
reduced preesure; The solution was acidiftied (Congo red)
with diluls hydrochloric ecid and the resulting white precipitate
filtered off; washed with water and sucked dry, Crystallisation
from acetone-light petroleum {(b.p. 60-80°) gave 3-benzyloxy~2- .
-~ethoxycarbonyl-5-methoxyphenylacetic acid (140 nr.) as needles
R.P. 143-145°, The compound had m.p. 143-145° on admixzture
with &n authentic specimen. The infrared spectra of both

samples were idenitical,

Attempted Pesolution of 3-Denzyloxy-2-ethoxycarbonyl-S-

~mathozyphenylacetic Acid. - To a solution of‘3-benzyloxy-2—

-athoxysarbonyl-S-methoxyphenylacetie aéid (3.5 g.) in methanol
{30 c.c,) was added & aolution.of quinine (1.5 g., 10% excess)
in methanol (30 c.c.). Aimost inmediately a white crystalline
precipitete was obtailned, The‘crystals were filtered off,
washed with & small quantity of methanol and sﬁckeﬁ dry. The
salt (2.8 g.) bad m.p. 194-195°. After four reorystallisations
from methanol the salt was obtained as needles moPo 195-196°,

(QJD CECla - 83-° (2’1‘01)
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Founds C;70.353 H,6.57%
CyoH;4 % 0 Tequires: C,70.03; H,6.64%.
lLight absorption: M max.2180 E, (E = 59,400), 2850'30 (8 =
7.500) and 3320 Ao (E= 5,900).
Infrared spectrum: in HujolVmax. 1692 cmo-1,
in chlorofornymax, 1718 cm,

The salt was decomposed by dilute hydrochloric acid? and
the acid extracted through ether, The acid was recrystallised
repeatedly from acetone-light petroleum (b.p. 60-80°). At no
stoge during the recrystallisations did the acid show optical
aecivity.

A sznple of the starting material, 3-benzyloxy-2-ethoxy-
carbonyl~5-nethoxyphenylacaetio acid on repeated recrystallisation
from acetone-light petroleum (b.p. 60~80°) similarly showed no

opticel activity at any stage of the recrystallisations.
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